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In 1925, in a paper on Oecanthus (1), I reported the occur- 
rence in Iowa of three ecological races of Nemobius fasciatus 
(De Geer), namely, a race widely distributed in grass land, a 
lowland grass race and a woodland race. Each race had a dis- 
tinct song. No diagnostic characters were noted except that 
the woodland race was lighter and more reddish in color. After 
moving to North Carolina, I found the.three types of songs 
duplicated there in races segregated by habitat. The most com- 
mon race which had long been considered a southern geograph- 
ical race, N. fasciatus socius Scudder, sang like the lowland 
grass race of the north. The southern race was defined as hav- 
ing the ovipositor no longer than the hind femora, a character 
which did not hold for the other two ecological races in North 
Carolina. Further study revealed differences in the proportions 
of the male tegmina and in the shape of the tip of the ovipositor, 
which were correlated with the type of song wherever found. 
The new characters were no more clearly limited than the old 
but defined what seemed to be the true subdivisions of the 
species. These findings were reported in a general paper on the 
genus (2), in which I proposed that the lowland grass race of the 
north should be recognized as socius, and described the wood- 
land race as a new subspecies, NV. fasciatus tinnulus. 





1Published with the approval of the Director of Research as paper No. 91 
of the journal series. 
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A later publication (3) described crossing experiments using 
the three races as separated on the basis of song type. The 
fasciatus material was obtained from the mountains of North 
Carolina and the other two races from Raleigh. Crosses between 
socius and the other races gave no offspring. Crosses between 
fasciatus and tinnulus gave hybrid offspring from seven pairs 
out of eight. On maturity the hybrids proved to have an inter- 
mediate type of song which has never been detected in nature. 
These results indicated that the races constitute natural groups 
which maintain their integrity in nature. 
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Fic. 1. Crosses of three races of Nemobius fasciatus from two regions. Each 
pair is represented by a rectangle enclosing number of offspring produced. 






» 
fasciatus 






CROSSING OF RACES FROM DIFFERENT REGIONS 


The question remained whether these southern races were 
closely related to the northern races having the same type of 
song. Both socius and fasciatus show somewhat different eco- 
logical distribution in the twoeregions and it is not known 
whether this is merely a response to climatic differences and 
other environmental factors. The obvious procedure was to 
cross crickets of the same song type from the two regions. In 
1935, I made a trip to Ohio about the first of August when it 
was still possible to obtain nymphs of all three races. Collec- 
tions were made in selected areas where only one race could be 
heard singing and the female nymphs obtained were segregated. 
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Breeding stocks of the three races were taken alive to North 
Carolina where similar collections were made near Raleigh. As 
the females matured they were placed in jars on washed sand 
and mated with males to give various combinations of crosses. 
The jars with eggs in moist sand were kept in a cold place dur- 
ing the winter and were returned to the laboratory in early 
spring. 

The results of the experiment are shown in the diagram 
(Fig. 1), in which each pair is represented by a rectangular 
space enclosing the number of offspring hatched. The vertical 
columns indicate the localities and the horizontal spaces show 
the races involved. The origin and race of each sex is shown by 
abbreviations where more than one combination is possible. 


AFFECT OF FERTILIZATION ON OVIPOSITION 


A few unhatched eggs were found in 8 of the jars in which no 
nymphs appeared and not more than 5 unhatched eggs were 
found in any jar in which a few nymphs appeared. At least half 
of the eggs in the other jars had hatched. Failure of nymphs to 
appear could be largely accounted for by the absence of depos- 
ited eggs. Another experiment was started to determine whether 
the presence or relationship of the male has any influence on 
the number of eggs deposited. Thirteen virgin females of socius 
were used. Four were mated to socius males, four to tinnulus 
males and five were left unmated. At the time the first nymphs 
appeared, the sand was washed for eggs in all jars with the 
following results: 

Socius and socitus—Eggs recovered, 41, 116, 155, 155; average, 117. 


Socius and tinnulus—Eggs recovered, 0, 0, 0, 0; average, 0. 
Socius, unmated—Eggs recovered, 15, 1, 0, 0, 0; average, 3. 


One female mated to a timnulus male had been observed 
several times drilling into the sand with the ovipositor. When 
no eggs were found she was killed and examined. The seminal 
receptacle was filled and the ovaries contained many fully 
developed eggs. By that time all females had been in the adult 
stage for over a month. Two of the unmated ones which had 
deposited no eggs were then given males of their own kind. In 
one case nymphs appeared within 14 days and the female had 
died, after depositing 95 eggs. The other female died after depos- 
iting four eggs. 

These results possibly show only an extreme variation in the 
pre-oviposition period, but when considered with the previous 
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experiments in which all crickets remained in the jars until 
they died, it seems probable that infertile eggs are not deposited 
in normal numbers. 


SUMMARY OF OBSERVED EVIDENCE ON SUBSPECIFIC GROUPS 


The evidence from observations bearing on the relationship 
of the subspecific groups of N. fasciatus is summarized below 
using the subspecific names as applied to a division according 
to song type. 

1. Song. Each race has a characteristic and easily recog- 
nized song. Fasciatus and tinnulus use single stroke chirps dif- 
fering in frequency. In socius each note is produced by rapid 
oscillations of short amplitude. The only intra-racial variation 
observed is in fasciatus. The typical song is a continuous rapid 
vibrato but frequently when the female is present the song will 
be broken into phrases of a few seconds duration. At Lakeview, 
N. C., Georgetown, S. C., and Camden, S. C., only the broken 
song was heard in the field. Caged specimens from these local- 
ities continued to sing in the same manner whether a female 
was present or not, except that Camden specimens sang con- 
tinuously part of the time when separated from the female. 

2. Morphology. There are slight differences in the shape of 
the tip of the ovipositor, male genitalia, the proportions of the 
male tegmina and the number of teeth in the stridulatory vein, 
as previously described (2). The range of variation in fasciatus 
overlaps that of the other two races so that none are clearly 
defined. The length of the ovipositor as compared to the hind 
femora is shorter in socius in all localities. Within each race 
there is slight tendency toward longer ovipositors in northern 
regions but the range of variation in southern and northern 
specimens overlaps considerably. 


3. Color. Socius is generally nearly black or with contrasting 
black markings on sides of pronotum, occiput, and face. Tinnu- 
lus is tawny brown with a reddish head and with dark markings 
absent or inconspicuous. In fasciatus the coloration is usually 
intermediate and varies considerably in different localities. At 
Raleigh, N. C., and Camden, S. C., it is similar to tinnulus but 
in the other localities mentioned below it is nearly as dark as 
socius. The nymphs of socius have a color pattern distinct from 
the other two races whose patterns are similar but generally 
lighter in tinnulus (Fig. 2). This condition in socius is found 
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both in N. C. and Ohio but has not been determined in other 
localities. 

4. Geographic Distribution. As determined by hearing the 
songs in the field the races are known to occur at least within the 
following limits. Socius and fasciatus: Fort Collins, Colorado; 
Ames, Iowa; Newark, Ohio; Geneva, New York; Gauley 
Bridge, West Virginia; Burnsville and Raleigh, North Carolina; 
Georgetown and Camden, South Carolina. Tinnulus: Mt. 
Pleasant, lowa; Newark, Ohio; Burnsville, Plymouth, and 
Southern Pines, North Carolina. The race was looked for in 





Fic. 2. Color pattern of nymphs. 
A, N. fasciatus socius. B, N. f. fasciatus and N. f. tinnulus. 


appropriate places at Georgetown and Camden, S. C., but was 
not found. The whole range of the species covers the United 
States and parts of Southern Canada as far west as British 
Columbia, Utah and New Mexico and extends into Mexico. 

5. Ecology. In all northern localities and in the North Car- 
olina mountains socius is confined to a lowland grass habitat. 
In the Carolinas east of the mountains it is most abundant in 
low ground but is also common in other grass land. Tinnulus in 
all localities prefers an open woodland, not a dense forest, but 
may occur along forest borders or in shrubby areas, usually 
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where there is a ground cover of dead leaves. Fasciatus occurs 
where there is a good sod of grass either in the open or under 
trees. In the south it has been found only where there is a 
luxuriant growth of grass due to partial shade or constant 
moisture. Near Raleigh it has been found only on bottom lands 
near streams often associated with Poa pratensis and other 
mesic grasses. At a small lake near Vass, N. C., it was found in 
grass about a foot high near the shore and in partly shaded 
places on higher ground. Near Georgetown, S. C., it was found 
in grass 6 to 18 inches tall under scattered pines and in a large 
savannah. Near Camden, 5S. C., it was found in clumps of high 
grass in an old pasture near woods. At Camden, socius and N. 
griseus funeralis were found in the central parts of the pasture 
where the grass had been cropped short leaving small clumps of 
higher grass. The latter species lives in most xeric habitat of 
any Nemobius species. In the Georgetown savannah socius was 
also found, but associated with shorter grass. The habitat rela- 
tions of fasciatus and socius in the south seem to vary consid- 
erably from the situation in the north, assuming under some 
conditions an apparent reversal of ecological distribution. Pos- 
sibly each race differs physiologically in the two regions but on 
the other hand the apparent differences may be influenced 
entirely by some combination of environmental factors. Cer- 
tainly the conditions affecting the growth of grasses are very 
different in the two regions and this seems to be in some way 
related to the distribution of the two races. 

6. Life history. In North Carolina socius matures in June 
and adults may be found continuously up to December or Jan- 
uary. In the laboratory newly emerged adults produced first 
offspring in about one month and these matured in a month and 
a half. There are probably two complete generations in a year, 
one beginning to mature in early June and a second beginning 
to mature in late August. The other two races begin to mature 
near the first of August both in the north and south. There is 
some evidence that socius matures a little earlier than the other 
races in the north but it probably never has more than one 
generation there. 


DISCUSSION AND CONCLUSIONS 


The one thing clearly shown by the crossing experiments is 
that the lowland grass race of Ohio is more closely related to 
socius of North Carolina than to fasciatus. Crosses of all three 
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song types from Ohio with the same type from the south gave 
some offspring, thereby showing at least close relationship. 
The results from crosses involving fasciatus and tinnulus how- 
ever do not have any special significance since in the previous 
experiments mentioned, hybrid offspring were produced by 
crossing these two races. 

The evidence from crossing experiments and observations 
indicates that the species Nemobius fasciatus is divided into 
three physiological or ecological races all of which occur through- 
out most of the geographical range of the species. The races are 
segregated by habitat and although some overlapping of terri- 
tory occurs it is probable that they do not interbreed. As 
groups which maintain their integrity in nature they could 
properly be considered true species if they possessed good diag- 
nostic characters, but as dead specimens they cannot be clas- 
sified with any reasonable assurance that all specimens are cor- 
rectly placed. This same limitation applies to geographical 
races from areas of intergradation. 
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KRITISCH HISTORISCH OVERZICHT DER ACAROLOGIE, by A. C. 
OupEMANS. Third section, vol. B, 1905-1850. Ixodes Leach 1815. Pages 
431-797, 170 text figs. 1936. E. J. Britt, Leiden, Holland. Price with 
the next, Vol. C, paper bound, 15 guilders; cloth bound, 17 guilders. 

In the previous issue of the Annals, March, 1937, we gave an extended notice 
of this monumental work. This Vol. B has just come to hand. It continues the 
general treatment followed in Parts I and II and Vol. A of Part III. This volume 
is devoted exclusively to Ixodes Leach and as with the previous volumes discusses 
all the taxonomic literature on the genus as set up by Leach in 1815. It reproduces 
the numerous illustrations found in the literature.—C. H. K. 





HABITAT SELECTION BY TRICHOGRAMMA! 


S. E. FLANDERS,? 


University of California Citrus Experiment Station, 
Riverside, California 


The three common species of TJvrichogramma in North 
America, T. evanescens Westw., T. embryophagum (Hartig), 
and T. semblidis (Aur.), successfully parasitize the]fertile, 
infertile, or dead eggs of many species of insects.® 

Certain suitable hosts, however, are never parasitized under 
natural conditions. As Salt (1935) points out, Trichogramma is 
first attracted not to a particular host but to certain types of 
environments. By selecting a particular environment the 
parasite restricts the number of its natural hosts. 

Under artificial conditions, evanescens, embryophagum, and 
semblidis are reared readily on many common hosts, yet under 
natural conditions they are rarely found associated. The 
available records show that the natural hosts of each species are 
fewer than the suitable hosts and that these hosts differ in 
habitat. The hosts in one type of habitat are usually para- 
sitized by only one species of Trichogramma. Such a species, 
however, may not be restricted to one type of habitat for Van 
Steenburgh (1934) found that if the preferred habitat is lacking 
in host material the parasites become restless and rapidly 
disperse. 

The fact that each species has a different host complex is 
due to habitat preference rather than to either physiological or 
psychological host selection. 

The host record of each species indicates that Trichogramma 
embryophagum is the dominant species in arboreal habitats, 
T. evanescens in field habits, and 7. semblidis in marsh habitats.‘ 


1Paper No. 317, University of California Citrus Experiment Station and 
Graduate School of Tropical Agriculture, Riverside, California. 

2Associate in the Citrus Experiment Station. 

‘Salt (1935) has shown that the principal criterion used by Trichogramma 
in the selection of a host is that of size. Experiments by the writer indicate 
that size is not an essential criterion in the selection of a host, although in general 
it may be the principal one. Trichogramma females will attempt oviposition in 
the surfaces of gelatin capsules or glass vials. They will oviposit in certain hosts 
when such hosts, fastened to a cloth (organdie), can only be touched by the tip of 
the antennae and ovipositor inserted through the meshes of the cloth. 

‘It is interesting to note that in the southern hemisphere the habitat of 
T. embryophagum is occupied by T. lutea Gir., and that of T. evanescens by T. nana 
Zehn. 
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Twenty years ago Mokrzecki and Bragina observed that 
under natural conditions embryophagum attacks the eggs of the 
codling moth, an arboreal host; and evanescens those of Barathra 
brassicae or Pieris rapae, field hosts. In the laboratory the hosts 
of embryophagum were equally suitable as hosts of evanescens, 
and there was no host preference. Under natural conditions 
they did not obtain evanescens from codling moth eggs. 

In collecting material during the past ten years, the writer 
has never obtained embryophagum from hosts on grasses or 
herbaceous plants. On pear and apple trees it was usually 
the dominant form. 

Trichogramma evanescens prefers the field habitat and 
attacks hosts on grasses and herbaceous plants. Heliothis eggs 
on the corn silks invariably seemed to be attacked by evanescens. 

Within a favorable habitat the type of plant surface affects 
the amount of parasitism by TJvrichogramma. For example, 
Phillips and Barber (1933) found that in spite of the greater 
number of Heliothis eggs on the corn silks, Trichogramma 
parasitizes a greater percentage of the eggs on the smooth upper 
surfaces of the leaves of corn than on any other part of the 
plant. An equally suitable host such as Diatraea, which deposits 
most of its eggs on the leaves, is subject to a greater degree of 
parasitism than is Heliothis, although both are on the same 
host plant at the same time and in more or less equal numbers. 

When a species is liberated in a habitat to which it is not 
adapted, it soon disappears even when suitable hosts are present. 
This was demonstrated in Canada by Van Steenburgh (1934) 
who liberated large numbers of semblidis and evanescens in 
peach orchards where embryophagum is the only species occurring 
naturally. He found that semblidis persisted in the orchard 
only during the egg generation at the time of release and that 
later evanescens disappeared. Both species were replaced by 
embryophagum. 

Hinds, et al. (1933) state that they have some evidence that 
T. evanescens, due to liberations made in 1931, became the 
dominant form in certain sugar-cane fields where previously 
they had obtained only embryophagum. It is more than prob- 
able, however, that evanescens is the usual form in such habitats. 
and that the occurrence of embryophagum is only sporadic. 
Likewise evanescens is occasionally found in arboreal habitats. 
Peterson (1930) states that in 1928, in New Jersey, he occasion- 
ally collected evanescens from a certain peach orchard. 
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Certain specific characteristics may be accounted for as 
habitat adaptations. Peterson points out that embryophagum 
when disturbed crawls rather than flies, while the opposite is 
true of evanescens. An arborescent habitat is roughly spherical 
in outline with continuous surfaces so that the parasite can 
reach its host most successfully by crawling and making short 
flights of several inches. Longer flights would increase the 
hazard of being carried out of such a habitat by air currents. 
Field and marsh habitats are largely on one plane and the 
surfaces are discontinuous so that in the search for hosts the 
crawling habit is less advantageous than flight. 

The flight habit of evanescens may prevent it from persisting 
in arboreal habitats but such a habit would facilitate its dis- 
tribution over wide areas. Embryophagum is more likely to 
persist in arboreal habitats and tends to be more localized in 
distribution than is evanescens. If this is the case parasitism 
resulting from liberations of embryophagum may be more readily 
measured than the effect of liberations of evanescens. 


SUMMARY 


The available host records indicate that Trichogramma 
evanescens prefers field habitats, 7. embryophagum arboreal 


habitats, and 7. semblidis marsh habitats. 

Although not restricted to one type of habitat they are 
rarely found associated. 

Within a favorable habitat the type of plant surface affects 
the amount of parasitism. 

Differences in the crawling and flying habits of these species 
may be accounted for as habitat adaptations. 
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NEW SPIDERS OF THE FAMILY AGELENIDAE FROM 
WESTERN NORTH AMERICA 


RacpH V. CHAMBERLIN AND WILTON IVIF, 


Department of Zoology, University of Utah, 
Salt Lake City, Utah 
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Blabomma sancta Ch. & I., n. sp., p. 221, pl. VII, ff. 46-48. 
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Calymmaria monicae Ch. & I., n. sp., p. 213, pl. I, ff. 1-3; pl. II, ff. 14-15; pl. ITI, 
ff 16-17. 

Calymmaria nana (Simon), p. 215, pl. II, ff. 8-9; pl. III, ff. 22-23. 

Calymmaria shastae Ch. & I., n. sp., p. 214, pl. I, ff. 6-7; pl. III, f. 24. 

Calymmaria suprema Ch. & I., n. sp., p. 214, pl. II, ff. 12-18; pl. ITI, ff. 18-19. 

Chorizomma californicum Simon, p. 216, pl. IV, ff. 25-28. 

Chorizomma flavum Ch. & I., n. sp., p. 218, pl. IV, f. 30. 

Chorizomma sequoiae Ch. & I., n. sp., p. 217, pl. IV, f. 29. 

Chorizommoides lahondae Ch. & I., n. sp., p. 219, pl. IV, f. 31. 

Chorizommoides sylvicolus Ch. & I., n. sp., p. 218, pl. IV, ff. 32-33. 

Cybaeina xantha Ch. & I., n. sp., p. 225, pl. LX, f. 65. 

Cybaeota concolor Ch. & I., n. sp., p. 227, pl. XI, ff. 77-78. 

Cybaeota munda Ch. & I., n. sp., p. 228, pl. XI, ff. 83-84. 

Cybaeota nana Ch. & I., n. sp., p. 229, pl. X, ff. 74-75; pl. XI, ff. 79-80. 

Cybaeota shastae Ch. & I., n. sp., p. 227, pl. X, ff. 68-70. 

Cybaeota vancouverana Ch. & I., n. sp., p. 228, pl. XI, ff. 81-82. 

Cybaeota wasatchensis Ch. & I., n. sp., p. 227, pl. X, ff. 71-73; pl. XI, f. 76. 

Cybaeozyga heterops Ch. & I., n. sp., p. 226, pl. IX, ff. 66-67. 

Cybaeus exlineae Ch. & I., n. sp., p. 224, pl. LX, ff. 62-64. 

Ethobuella hespera Ch. & I., n. sp., p. 224, pl. VIII, f. 61. 

Ethobuella tuonops Ch. & IJ., n. sp., p. 223, pl. VIII, ff. 55-60. 


In the present paper are described a number of new genera 
and species of Agelenid spiders selected from many undescribed 
forms of this family that have been accumulating in our hands 
over the past several years. The species here considered are 
from the Western United States and Canada. Species of other 
genera and groups will be dealt with in subsequent papers. 


Genus Calymmaria Chamberlin and Ivie, new 
Tegenaria Latreille and others (in part). 
This genus embraces most ot the nearctic species heretofore 
referred to Tegenaria. They form a compact group, differing 
211 





212 Annals Entomological Society of America [Vol. XXX, 


from Tegenaria sens. str. significantly in the male palpus, the 
female epigynum, the general appearance of the body, and 
the characteristic color markings. 


Carapace of usual Agelenid shape; nearly one and one half times as 
long as wide; truncate at base, sides ovately rounded, cervical indenta- 
tions distinct; head square, a little more than half as wide as carapace 
in widest place, and comprising about one fourth the length of the 
cephalothorax. Viewed from the side, the carapace is rather low; clypeus 
nearly vertical, width about one diameter of an anterior lateral eye; 
rises slightly back of eye area, from where it is horizontal for much of 
the length, descending on basal third. 

Eyes in two rows; anterior median eyes smaller than the others. 
Posterior row straight; posterior median eyes three-fifths to three- 
fourths of a diameter apart, and same distance or very slightly less 
from lateral eyes. Anterior row slightly procurved; anterior median eyes 
a little more than a radius apart, scarcely half as far from the side eyes. 
Median ocular area slightly wider behind than long, wider behind than 
in front. 

Chelicerae vertical; moderately stout; furrow with three teeth in 
front and four behind, the one nearest the base of the claw behind 
smaller than the others. 

Sternum cordate, about as long as wide; concave across front, with 
distinct anterior corners; sides rounded, with slight intercoxal angula- 
tions; posterior point separating hind coxae by about one-half of a 
diameter. Labium a little wider than long. Endites widely separated 
at tips. 

Legs long and slender (more slender than in Tegenaria). Leg IV in 
the female usually longer than leg I, due to the much longer metatarsus; 
but in the male leg I is usually the longer. Spining essentially as in 
Tegenaria. 

Abdomen slightly more globose than that of the true Tegenarias. 
Apical segment of spinnerets slender, shorter than the basal segment. 

The color, in general, is rather uniform for all the known species, 
varying only in degree and minor details. Cephalothorax and legs with 
base color of dull yellowish, with dusky markings; the typical pattern 
of these markings on the carapace is shown by Figure 1. Legs with 
broad dark annuli, typically four on femur, one on patella, three (or 
four) on tibia, and three on metatarsus; these annuli much more distinct 
on under side. Chelicerae, labium, and endites somewhat darkened 
with reddish and dusky, the labium and endites with whitish tips. 
Sternum entirely dusky, sometimes slightly faded along middle. Abdo- 
men pale gray with dark gray markings. These markings may be 
broken and irregular as shown in Figure 1, or, toward the other extreme, 
of a more orthodox Agelenid pattern, i. e., dark above, with one or two 
pairs of widely separated light spots near base, and chevron-like marks 
on posterior part. 

Male: Cephalothorax heavier than in female; carapace wider and 
more rounded; head narrower in front; profile rising to highest point in 
region of median furrow. Eyes as in female, but closer together. 
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Chelicerae more slender. Legs longer and more slender. Abdomen 
less globose. General shape of the palpi shown by the figures. 


Genotype: Calymmaria monicae, new species. 

Individual specimens within the species show a wide range 
of variation in size. The measurements given for the several 
species are taken from medium sized specimens, wherever a 
selection was possible. 

These spiders are found mainly in wild habitats, but may be 
quite common under boards and other objects near human 
dwellings, though seldom in houses. 

In addition to the species herein described, the following 
also belong to Calymmaria: Cybaeus montavencis Bishop and 
Crosby, Tegenaria cavicola Banks, Tegenaria modesta Banks, 
and J7egenaria quadrata Exline. 

Tegenaria magnacava Exline is closely related to the European 
species Tegenaria agrestis (Walckenaer), if not identical with it. 


Calymmaria californica (Banks) 
(Pl. I, figs. 4-5) 
Tegenaria californica Banks, J. New York Ent. Soc., 1896, 4: 90. 


Structure as given under generic characters. The color pattern of 
the abdomen is broken up into many irregular spots and streaks, 
especially on the sides and venter; the markings above, on the average, 
as shown in Figure 1; the light markings often silvery white in part, 
and vary widely in extent with different individuals; the venter some- 
times nearly white, other times entirely dusky. Legs strongly annulated, 
especially on under side. 


Measurements: Male Female 
aon os avn eda k's Ca wadncadaeaee 3.80mm. 5.00 mm. 
Carapace: 

dc cK S Wet ga RECA RAE EER MON 1.95 2.10 

2 reer re ser rere 1.60 
Tibia-patella: 

icant eve eRe epelwekdes ace 3.00 

Ba asivr vinta ia kumar nae wat nae aes 2.85 2.80 


Type locality: Palo Alto, California, and vicinity. Female 
types in collection of Mus. Comp. Zool. at Harvard. 

This is a small species, common around Palo Alto, Cali- 
fornia, and adjacent regions, but not. widespread. 


Calymmaria monicae Chamberlin and Ivie, new species 
(Pl. I, figs. 1-3; Pl. II, figs. 14-15; Pl. III, figs. 16-17) 
This species agrees with californica in color and general structure; 
size slightly larger on the average. The epigyna of the females show no 
distinct differences. The palpi of the males vary in the shape of the 
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embolus, and the middle tibial apophysis as seen from dorsal view; these 
differences are shown in the figures. 


Measurements: Male Female 


ast Cue bl oP Lk mnie Se 4.50mm. 5.00 mm. 
Carapace: 

Length ; 

SE reer er 1.95 
Tibia-patella: 

Deane tia Cts ata ee doe Re uae 3.15 

_, EE eee er eee ee ere 2.85 2. 


Type locality: Santa Monica, California. Male holotype, 
female holotype, male and female paratypes. Collected by 
W. Ivie, Dec. 25, 1932. 

Other localities: California: Laguna Beach; Mt. Palomar; 
Santa Barbara; Yosemite Park. 


Calymmaria shastae Chamberlin and Ivie, new species 
(Pl. I, figs. 6-7; Pl. III, fig. 24) 


This species is close to californica, in size and general structure. The 
color is also similar, though the annuli on the legs are lighter, being 
scarcely discernible on the metatarsi, and the color pattern of the 
abdomen is a little more conservative. Eyes (except anterior median) 
somewhat larger. Posterior median eyes of female barely more than a 
radius apart, about a radius from the side eyes. Anterior median eyes 
about two-thirds of a diameter apart, less than half a radius from the 
side eyes. Epigynum externally close to that of californica; its internal 
structure has not been investigated. 

Posterior eye row of male very slightly procurved; posterior median 
eyes about three-fifths of a diameter apart, and the same distance from 
the side eyes. Anterior median eyes about a radius apart and scarcely 
half as far from the side eyes. The palpus differs from that of cali- 
fornica and monicae only in minor details, which are illustrated. 


Measurements: Male Female 
RN iivoin cre hui saiechienesaeae 4.60mm. 4.40 mm. 
Carapace: 

ays Save sne a a KES Ws aN ONS 2.15 1.80 
RAAT ou /ai suits nieaibel qrake a Shey 1.75 1.35 
Tibia-patella: 
I 2.50 
2.40 


Type locality: Weed, California. Male holotype, female 
allotype. Collected by R. V. Chamberlin and W. Ivie, Sept. 8, 
1935. 


Calymmaria suprema Chamberlin and Ivie, new species 
(Pl. IT, figs. 12-13; Pl. III, figs. 18-19) 


This species is close to modesta. It resembles californica rather closely 
in color and general structure, but is much larger in size, with the legs 
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proportionately longer. Palpus and epigynum distinctly different in 
details. 


Measurements: Male Female 
BO arch pich oe rake eeeeeer eae 7.00mm. 7.80 mm. 
Carapace: 

Pcs cewen pov ancceccadcadenseeen 3.70 3.50 

NM is hina cued ie os wovews auton cee 2.70 
Tibia-patella: 

Mi rign as a Vea Chases Rhee ane 8.90 6.40 

BW ca seccn cr crs cere etn cee 6.80 5.90 


Type locality: Big Basin, California. Male holotype, female 
allotype. Collected by W. Ivie, Aug. 22, 1931. 

Other localities: California: Pacific Grove; Palo Alto; Santa 
Rosa. 


Calymmaria emertoni (Simon) 
(Pl. II, figs. 10-11; Pl. III, figs. 20-21) 


Tegenaria emertont Simon, Ann. Ent. Soc. Belgique, 1897, 41: 17. 
Tegenaria californica Exline (not Banks), Psyche, 1936, 43: 25, pl. 1, ff. 2-2b. 


This is the most common species in the northwestern United States. 
It is larger than californica, some specimens being almost as large as 
suprema, The legs proportionately longer than in californica. Color 
typical. Palpus and epigynum distinct. Anterior median eyes less 
than a radius apart; posterior median eyes about two-thirds of a 
diameter apart. 


Measurements: Male Female 
Bes Wa €okin eh Rak ewunseneedemen 5.50mm. 7.00 mm. 
Carapace: 
Se er ee ee Cee ee ee 2.50 3.00 3 
MEIN ed aos ete'c 0 ie norunaae tas 2.07 2.30 
Tibia-patella: 
rns oman at dan eoleue Seana carne 5.15 5.40 
| RR aera er eae: 4.80 4.80 


Type locality: ‘‘ Washington State.” 

Distribution: Washington and Oregon, west of the Cascade 
Mountains, probably extending into Northern California and 
British Columbia. 

Specimens at hand show a rather wide range in size, as is 
common with most species of this group. 


Calymmaria nana (Simon) 
(Pl. II, figs. 8-9; pl. III, figs. 22-23) 
Tegenaria nana Simon, Ann. Ent. Soc. Belgique, 1897, 41: 17. 
Tegenaria nana Exline, Psyche, 1936, 43: 23, pl. I, ff. 1-1b. 


This is a small species, resembling californica in general, but showing 
differences in the color of the abdomen, and in the structure of the 
palpus and epigynum. 
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Color similar to that of californica, except annuli on legs not so dark, 
and light markings on abdomen of a more conservative pattern. 


Measurements: Male Female 
4.200mm. 4.10 mm. 


Carapace: 
Length 2.00 2.00 
Width 1.60 1.50 

Tibia-patella: 


; ; 3.50 2.45 
IV a Sai 3.00 2.33 
Type locality: ‘‘Washington State.” 
Known localities: Washington: Seattle; Olympia (Exline). 
Oregon: Beaver Creek (Exline); Horsetail Falls (W. Ivie). 
British Columbia: About 20 mi. N. of Victoria, Vancouver 
Island (Chamberlin and Ivie, 1935). 


THE SIX-EYED AGELENIDS 


Heretofore, Chorizomma californicum Simon was the only 
six-eyed Agelenid recognized from the Pacific coast region of the 
United States. We have at hand thirteen species, including 
what we presume to be C. californicum. Some of these spiders, 
which at first observation appear to be six-eyed, are really 
eight-eyed, there being a pair of rudimentary anterior median 
eyes below and between the large anterior lateral eyes. 

Different species show a rather wide range of variation. As 
in most groups of the Agelenidae, the generic definition must be 
very broad or quite narrow. There appear to be at least three 
natural groups of these six-eyed forms. And, in accord with 
our past practice in dealing with this family, we prefer to 
recognize each group as a separate genus. 


Genus Chorizomma Simon 


Besides californicum, we are placing two new species in 
this genus. 


Chorizomma californicum Simon 
(P1. IV, figs. 25-28) 

Chorizomma californicum Simon, Bull. Soc. Ent. France, 1895, 20: 136. 
Chorizomma californicum Simon, Hist. Nat. Araignees, 1898, 2: 268, ff. 257, 264. 

Color: Cephalothorax, under parts, and legs orange to yellow, the 
sternum often more or less dusky. Chelicerae brownish red. Abdomen 
dark gray above, with.a light median lanceolate mark, two or three pairs 
of large spots on basal half, and three or four light chevron-like marks 
on posterior half. Sides and venter a mixture of dark and light gray. 
Darkness of abdomen may vary considerably; on rare occasions the 
abdomen may be almost entirely black. 
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Female: Structure in general Cicurina-like, the shape of the carapace, 
chelicerae, legs, abdomen, and spinnerets showing close similarity. 
Eyes six, anterior medians missing. Anterior eyes largest, posterior 
medians smallest. Posterior row slightly recurved, posterior median 
eyes from a little more than one to nearly two diameters apart, scarcely 
half as far from the side eyes. Anterior eyes a diameter or less apart; 
less than a radius from the posterior median eyes and a little more than 
a radius from the posterior side eyes. Ocular quadrangle, formed from 
anterior eyes and posterior median eyes, decidedly wider than long, and 
a little wider in front than behind. 

Chelicerae with three or four distinct teeth on hind margin of fang 
groove. 

Tibia I with two pairs of spines on under side, one near base and one 
at middle. 

Hind spinnerets with apical segment slender and pointed, and much 
shorter than basal segment. 

The size shows wide variation. The measurements given here are 
taken from rather large specimens. 


Measurements: Male Female 


Length 400mm. 5.20 mm. 
Carapace: 

Length... 2.06 

Width 
Tibia-patella: 

I 


1.18 2.10 
[IV 1.30 2.33 


Distribution: Common in the southern California coast 
region from Laguna Beach to Santa Barbara. Probably much 


more widespread than this, but we have no specimens beyond 
the limits mentioned. 


Chorizomma sequoiae Chamberlin and Ivie, new species 
(Pl. IV, fig. 29) 


Female: This species is in most respects identical with californicum, 
the significant differences being in the eyes and the epigynum. 
Anterior eyes about a radius apart, and about the same distance 
from each of the posterior eyes of the corresponding sides. Posterior 
row nearly straight, being very slightly recurved. Posterior median 
eyes about a diameter apart, a little more than a radius from the side 
eyes. 
Epigynum as figured. 
Measurements: Female 
Length.. 3.30 mm. 
Carapace: 
Length... 1.43 
Width.... 1.02 
Tibia-patella: 
I sues : 1.33 
IV.. 1.50 


Type locality: Felton, California. Female holotype. Col- 
lected by R. V. Chamberlin. 
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Chorizomma flavum Chamberlin and Ivie, new species 
(Pl. IV, fig. 30) 


Female: Cephalothorax and legs straw yellow; mouthparts more 
reddish, especially chelicerae. Abdomen pale yellowish gray, without 
markings. 

Structure similar to that of californicum, except epigynum, which is 
distinct, and minor details of the eyes. Anterior eyes more than a diam- 
eter apart, and scarcely a radius from each of the posterior eyes of the 
corresponding side. Posterior median eyes nearly two diameters apart, 
and scarcely a radius from the lateral eyes. 


Measurements: Female 
DMUR. oos cies .4.70 mm. 
Carapace: 

Length .1.85 

Width 25 
Tibia-patella: 

I ey .2.05 

TP sks 2.20 


Type locality: Santa Rosa, California. 
Collected by W. Ivie, Aug. 26, 1931. 


Female holotype. 


Genus Chorizommoides Chamberlin and Ivie, new 


This genus is close to Chorizomma, with which it agrees essentially in 
everything, except the eyes and epigynum. Posterior eye row pro- 
curved. Anterior eyes largest, posterior median eyes much the smallest. 
Anterior eyes one diameter apart. Posterior eyes more than two 
diameters apart, and less than half as far from the side eyes. 


Genotype Chorizommoides sylvicolus, new species. 


Chorizommoides sylvicolus Chamberlin and Ivie, new species 
(Pl. IV, figs. 32-33) 

Female: Cephalothorax, under parts, and legs light orange; the 
mouthparts slightly more reddish. Abdomen whitish, with restricted 
dark gray marks above of the same pattern as Chorizomma californicum. 

Structure similar to that of californicum, except eyes and epigynum. 
Eyes as given under generic characterization; epigynum as figured. 


Measurements: Female 
Length... 3.50 mm. 
Carapace: 

Length.. 1.60 

Width.. 1.10 
Tibia-patella: 

eee 1.60 

IV 1.75 


Col- 


Type locality: Big Basin, California. 
lected by W. Ivie, Aug. 20, 1931. 


Female holotype. 
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Chorizommoides lahondae Chamberlin and Ivie, new species 
(Pl. IV, fig. 31) 


Female: Close to Chorizommoides sylvicolus n. sp. Color of abdomen 
more faded. Epigynum with two openings instead of one. Eyes smaller 
and farther apart. Anterior eyes nearly a diameter and a half apart, 
much closer to posterior side eyes than to posterior median eyes. Pos- 
terior median eyes more than two diameters apart, nearly a diameter 
from the side eyes. 


Measurements: Female 
Length... ’ ...4.00 mm. 
Carapace: 

Length.... Ak. 08 

Width - .1.20 
Tibia-patella: 

I Peete 

IV 1.85 


Type locality: La Honda, California (in redwoods). Female 
holotype. Collected by J. C. Chamberlin. 


Genus Blabomma Chamberlin and Ivie, new 


Closest to Chorizomma. Eyes six or eight; the anterior median eyes 
extremely small or missing; posterior row procurved. Body, as a 
whole, stouter than in Chorizomma, with the legs shorter and thicker. 
Patella of male palpus usually swollen or otherwise modified. 


Genotype: Blabomma grandis n. sp. 
Eight new species of this genus are here described. 


Blabomma grandis Chamberlin and Ivie, new species 
(Pl. V, figs. 34-39) 

Color: Carapace, legs and palpi orange brown with dusky markings; 
the carapace with the sides and front of the head part marked and 
shaded with dusky black; the thoracic part with narrow margins and 
radial streaks blackish; the legs with blackish rings, which are very 
distinct on the underside, especially of the femora, but which gradually 
fade distally until they are scarcely discernible on the metatarsi, which 
are more reddish brown. Mouthparts reddish brown, the endites and 
labium with whitish tips. Sternum dusky with the center faded to 
orange, through the back part of which runs a darker streak. Abdomen 
a mottled mixture of dark and pale gray, forming somewhat of a pattern 
on dorsum. 

Structure: Female. Head broad and square in front. Eyes occupying 
less than half of the width. Posterior row procurved; the posterior 
median eyes about a diameter apart, and about half as far from the side 
eyes. Anterior row strongly recurved, the anterior median eyes being 
very small and subcontiguous with the large lateral eyes; the latter are 
about a diameter apart, and less than a radius from the posterior side 
eyes, and somewhat farther from the posterior median eyes. Chelicerae 








220 Annals Entomological Society of America |Vol. XXX, 


stout and geniculate in front. Legs and body especially stout. Hind 
spinnerets with apical segment much shorter than the basal; colulus 
broad and short. 

Male: Similar to female, except head narrower and chelicerae less 
robust. Palpus as figured. 


Measurements: Male Female 
Length. . 5.50 mm. 7.00 mm. 
Carapace: 

Length.... ; 2.65 3.00 

Width... .1.90 2.00 
Tibia-patella: 

Se ; ; 2.20 2.60 

PN eee sn ; .2.65 2.80 


Type locality: Sidney, Vancouver Island, British Columbia. 
Male holotype, immature paratypes. Collected by R. V. 
Chamberlin and W. Ivie, Sept. 16, 1935. 

Other localities: Pacific Grove, California. Female allotype. 
San Gregorio Beach, San Mateo Co., California. Female 
paratype. San Diego, California. Female paratype (U. S. 
National Museum). Seattle, Washington (Exline). 

This is the largest known species in this genus, and appar- 
ently the most widespread. <A female from San Diego, Cali- 
fornia, loaned to us by Mr. Irving Fox, is much smaller than the 
other females which we have, but is identical otherwise. 


Blabomma foxi Chamberlin and Ivie, new species 
(Pl. VI, fig. 44) 
Close to grandis; similar in color and structure, but smaller in size, 
and with minor differences in the epigynum. Anterior median eyes 
present, but degenerated, probably blind. Epigynum as figured. 


Measurements: Female 
Length..... ..4.50 mm. 
Carapace: 
Length... 2.10 
Width...... 1.53 
Tibia-patella: 
BG caches reese Oe 
Dec kes-owns ...(Missing from holotype) 


Type locality: Atherton, California. Female holotype. Col- 
lected by J. C. Chamberlin, Dec. 11, 1927. 

Other locality: San Francisco, California. Female para- 
type (U. S. National Museum). 


Blabomma guttata Chamberlin and Ivie, new species 
(Pl. VI, figs. 40-42) 
Color similar to that of grandis, with the shading absent from the 
front and sides of head, leaving only the clear cut markings. Venter 
speckled. 
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Structure the same as that of grandis, except for decided differences 
in the epigynum and palpus. Size smaller. Anterior median eyes 
extremely small. 

Measurements: Male Female 


Length . 3.5mm. 4.17 mm. 
Carapace: 
Length... ue 1.60 
Width av 1.13 
Tibia-patella: 
ae : 
IV 


Type locality: Berkeley, California. Female holotype, male 
allotype. 


ie 1.45 
= 1.80 


Blabomma sancta Chamberlin and Ivie, new species 
(Pl. VII, figs. 46-48) 


Color similar to that of grandis except that the rings on legs are more 
distinct distally, and markings on sides of head are clearer and sharper, 
without dusky shading across front of head. 

Structure typical, with legs less robust than in grandis, and with 
differences in epigynum and palpus. Size smaller than that of grandis. 

Measurements: Male Female 


Length.. ava 3.25mm. 4.20 mm. 
Carapace: 
Length... Terre .52 1.70 
Width..... sane Cee 1.20 


Tibia-patella: 
I 


wierd eee 1.60 
RV. epee es .1.80 1.73 
Type locality: Ten miles west of Santa Barbara, California. 
Male holotype, female allotype, male and female paratypes. 
Collected by W. Ivie and Herman Rasmussen, July 12, 1934. 


Blabomma yosemitensis Chamberlin and Ivie, new species 
(Pl. VI, fig. 45) 


Female: Color: Carapace and legs brownish orange, the legs without 
markings, the carapace with typical markings much reduced. Cheli- 
cerae reddish brown. Endites and labium orange, the former with light 
tips. Sternum light yellowish. Abdomen somewhat as in grandis, but 
with dark markings more reduced. 

Structure similar to that of grandis, though body and legs less robust. 
Posterior eye row decidedly procurved. Anterior median eyes distinctly 
present, but degenerated. Anterior side eyes a radius from the posterior 
median eyes, and only half as far from the posterior side eyes. Epigynum 
as figured. 

Measurements: Female 


Length . erat bi eeede tens eee 
Carapace: 
Length... 1.5 
ia a 


Tibia-patella: 
I oF. 
IV. a 
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Type locality: Aspen Valley, Yosemite Park, California. 
Female holotype. Collected by W. Ivie, Aug. 12, 1931. 


Blabomma flavipes Chamberlin and Ivie, new species 
(Pl. VI, fig. 43) 
Color same as that of yosemitensis, except labium more dusky. 
Structure similar to yosemitensis, except in minor details of the eyes 
and in the epigynum; posterior eye row less strangly procurved; anterior 
median eyes extremely small, contiguous with the anterior side eyes. 


Measurements: Female 
Length... ; 4.00 mm. 
Carapace: 

Length. 1.70 

Width 1.15 
Tibia-patella: 

I. elm 1.50 

IV. 1.73 


Type locality: Northfork, California. Female holotype. 


Blabomma oregonensis Chamberlin and Ivie, new species 
(Pl. VII, figs. 53-54) 


Male: Color: Carapace, mouthparts, and legs orange yellow, without 
markings. Sternum pale yellowish. Abdomen pale yellowish gray, with 
faint indications of dusky markings above. 

Structure in general typical, but body more slender. Eyes six, the 
anterior median eyes entirely missing. Anterior eyes slightly more 
than a diameter apart, about a radius from each of the posterior eyes of 
the corresponding sides. Posterior median eyes about a diameter apart, 
less than a radius from the side eyes. Palpus as shown in figures. 


Measurements: Male 
Length.. 2.80 mm. 
Carapace: 

Length 1.30 

Wiati...... 93 
Tibia-patella: 

] re ; 1.23 

EV... 1.23 


Type locality: Grants Pass, Oregon. Male holotype. Col- 
lected by W. Ivie, Aug. 29, 1931. 


Blabomma hexops Chamberlin and Ivie, new species 
(Pl. VII, figs. 49-52) 


A species close to B. oregonensis n. sp., agreeing with that species in 
having a slender body, and only six eyes. The male of this species 
differs from the other known males of this genus in that the patella of 
the palpus is not modified. This is the smallest species. 

Color pale, the carapace and legs light straw yellow without mark- 
ings, the abdomen pale whitish gray with faint markings. 
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Measurements: Male Female 
Length 2.10mm. 2.40 mm. 
Carapace: 

Length 00 1.00 

Width 70 70 
Tibia-patella: 

I 92 85 

IV 1.00 93 


Type locality: Laguna Beach, California. Male holotype, 
female allotype. Collected by W. Ivie, Dec. 28, 1932. 


Genus Ethobuella Chamberlin and Ivie, new 


A genus of small Agelenids, which have no close affinities among 
the other genera in the United States. 

Female: Carapace a little more than one and one-half times as long 
as wide; head moderately stout, with cervical indentations and grooves 
nearly absent. 

Eyes eight; all black; anterior median eyes small, others rather large, 
and about equal in size. Posterior row straight, eyes very narrowly 
separated from each other. Anterior row much lower in elevation than 
the posterior row; procurved; eyes close together; lateral eyes extending 
very close to the margin of the clypeus. 

Chelicerae stout; vertical; only slightly bulged in front; four teeth 
on hind margin of furrow. Sternum sub-cordate; only slightly longer 
than wide; posterior point extended between hind coxae, separating 
them by half a diameter. Labium wider than long. Endites rather 
short and thick; somewhat convergent at tips, but not touching; 
scopulate. 

Legs moderately robust; with a normal number of spines; spines 
under tibia I, 2-2-2-2, the distal pair attached about one-third the 
distance from the end, and more on the sides instead of strictly on the 
bottom. 

Abdomen of usual shape for the family. Hind spinnerets only 
slightly longer than the front; apical segment very short. Epigynum 
with a broad, more or less spoon-shaped scape. 

Male: Remarkably similar to female in shape of body and legs. 
Slightly smaller in size, especially in abdomen; legs slightly longer. 
Palpus with femur and patella unmodified; tibia highly sculptured, 
especially on the ectal side; cymbium of average size, with a peculiar 
tuft of several spine-like hairs extending straight back from basal tip 
over dorsal side of tibia; embolus short, stout, and cycle-shaped. 


Genotype: Ethobuella tuonops Chamberlin and Ivie, n. sp. 


Ethobuella tuonops Chamberlin and Ivie, new species 
(Pl. VIII, figs. 55-60) 

Color: Carapace light brownish yellow, with eye area black, and 
dusky marks extending back on head and thorax in characteristic 
Agelenid fashion (see figure). Chelicerae and endites more orange; 
labium more dusky. Sternum pale yellowish, with dusky margins. Legs 








224 Annals Entomological Society of America [Vol. XXX, 


pale yellow with obscure traces of dusky annuli. Abdomen with pale 

gray background marked with dark gray; dorsal pattern as shown in the 

figure; sides mottled; venter pale, with a more or less distinct dusky 

patch in the center. : 
Structure as given under generic diagnosis. 


Measurements: Male Female 
Length.. 2.60mm. 3.00 mm. 
Carapace: 

Length..... 1.27 1.30 

Wiath...... ae ee 85 
Tibia-patella: 

I hae 1.18 

WR dinners ee me 1.20 


Type locality: Sidney, Vancouver Island, British Columbia. 
Male holotype, female allotype. Collected by R. V. Chamberlin 
and W. Ivie, Sept. 16, 1935, by sifting leaves. 


Ethobuella hespera Chamberlin and Ivie, new species 
(Pl. VIII, fig. 61) 

Female: Very close to E. tuonops n. sp. Legs with distinct annuli; 
femur, tibia, and metatarsus with two each, patella with one. Abdomen 
somewhat darker than that of twonops. Scape of epigynum slightly 
longer and more slender distally. 


Measurements: Female 
Length 2.75 mm. 
Carapace: 

Length ee 

Width ici an 
Tibia-patella: 

I : .1.10 

Pe asck neces i aul - 


Type locality: La Honda, California. Female holotype. 
Collected by J. C. Chamberlin. 


Genus Cybaeus L. Koch 


Cybaeus exlineae Chamberlin and Ivie, new.species 
(Pl. IX, figs. 62-64) 

A typical species, closely related to C. silicis Barrows and C. bulbosus 
Exline. It differs from silicis mainly in the tibia of the male palpus 
being proportionately shorter. The femora are annulate, distinctly so 
on the under side; this character with its somewhat smaller size sets it 
off from bulbosus. Three pairs of spines on under side of tibia I, the 
distal pair very small. 


Measurements: Male Female 
Length. 5; Penharen iets ...6.20mm. 7.00 mm. 
Carapace: 

Length 5 4 cucu 3.40 
Width. 2.33 2.35 
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Tibia-patella: Male Female 
I . 3.65 3.25 
IV ..3.67 3.25 










Type locality: Lost Creek Reservoir, near Tamarack, Idaho. 
Male holotype, female allotype, male and female paratypes. 
Collected by W. Ivie, August, 1936. Found under rocks along 
edge of stream. 















Cybaeus tardatus (Chamberlin) 


Parauximus tardatus Chamberlin, Pomona College J. Ent. & Zool., 1920, 12: 3, 
pl. 3. £ 3. : 

Namopsilus pletus Chamberlin, ibid., p. 14, pl. 6, f. 1. 

Cybaeus tardatus Chamberlin, California Acad. Sci., 1924, 12: 669. 

Cybaeus tardatus Chamberlin and Ivie, Bull. Univ. Utah, 1932, 23(2): 23 (Biol. 
ser. 2 (1): 23); pl. 6, f. 56. 


Known localities: Claremont, California (type locality); 
Ensenada, Lower California. 










Cybaeus hesper Chamberlin and Ivie 


Cybaeus minor Banks, Proc. California Acad. Sci., 1904, 3: 341; pl. 38, f. 4; pl. 40, 
f. 44. (Not Cybaeus minor Chyzer and Kulczynski, 1897.) 

Cybaeus minor Chamberlin and Ivie, Bull. Univ. Utah, 1932, 23 (2): 27 (Biol. 
ser. 2 (1): 27); pl. 6, ff. 63-64. 

Cybaeus hesper Chamberlin and Ivie, ibid., p. 27; pl. 6, ff. 65-66. 

Cytaeus minoratus Gertsch, Amer. Mus. Novitates, 1936, No. 852, p. 14. 


Known localities: California: Claremont (type locality); 
San Mateo Co., Palo Alto. 










Genus Cybaeina Chamberlin and Ivie, 1932 


Cybaeina xantha Chamberlin and Ivie, new species 
(Pl. IX, fig. 65) 

This species is closely related to C. minuta (Banks), the only other 

known species in the genus. The color is light yellowish throughout, 


more orange on carapace and chelicerae, more grayish white on abdomen. 
The main distinction is in the epigynum. 















Measurements: Female 


EOMMUD. 605650. cyabestadecghpeavansh tev eataen 3.50 mm. 
Carapace: 

INS ie in' 65 wav hed eka np enenuee sees eedaetl 1.57 

IE aap iS s avin ya OR Rao a SO etcarece a eae 1.18 
Tibia-patella: 

I i Re aya tra Wace iu dd ea aan e eae 1.90 

IV. 4 





Type locality: Comstock, Oregon. Female holotype. Col- 
lected by R. V. Chamberlin and W. Ivie, Sept. 10, 1935. 
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Genus Cybaeozyga Chamberlin and Ivie, new 


The one male, on which this genus is based, resembles a small 
Cybaeus in general appearance, but is significantly different in details. 
The eyes more closely resemble those of Cydbaeota. 

Outline of the carapace much as in Cybaeus. In profile, the clypeus 
is slightly protruding, height about one diameter of an anterior side 
eye; top outline rises steeply through the eye region, then rises more 
slowly in a double arch to the highest point at the posterior end of the 
median furrow; from here it descends steeply to the base. 

Eyes eight; anterior median eyes very small, others normal and about 
equal. Posterior row recurved; eyes equidistant, a little less than a 
diameter apart. Anterior row straight; anterior median eyes about 
one and one-half diameters apart, nearly contiguous with the side eyes. 
Lateral eyes on each side about a diameter apart. Posterior median 
eyes a full diameter from the anterior median eyes. Median ocular area 
wider than Jong, much wider behind than in front. 

Chelicerae vertical, not geniculate. Sternum as wide as long. 
Labium small, wider than long. Endites stout, nearly square. Legs 
apparently much the same as in Cydbaeus (the first and last legs missing 
beyond femur in our specimen). 

Abdomen rather globose. Spinnerets as in Cybaeus. 

Color similar to that of a typical Cybaeus. 


Genotype: Cybaeozyga heterops, n. sp. 


Cybaeozyga heterops Chamberlin and Ivie, new species 
(Pl. IX, figs. 66-67) 

Male: Color: Cephalothorax and appendages light yellowish brown; 
the carapace with dusky markings on side margins and on top and side 
of head region; sternum with indistinct dusky markings. Legs lightly 
annulated. Abdomen dark gray above, with light marks as in a typical 
Cybaeus; venter pale with two dark longitudinal streaks. 

Structure as given under generic diagnosis. Palpus as figured. 


Measurements: Male 
Length..... 2.70 mm. 
Carapace: 

Length.. 1.20 
Width.... ; 95 


Type locality: Grave Creek, Oregon (near Klamath Falls). 
Male holotype. Collected by R. V. Chamberlin and W. Ivie, 
Sept. 9, 1935. 


Genus Cybaeota Chamberlin and Ivie, 1933 


The genus Cybaeota was established for a single species, 
Liocranum calcaratum Emerton. Since then six new species 
have been discovered. These are all small spiders showing 
close affinity to one another. 





1937] Chamberlin and Ivie: Agelenid Spiders 


Cybaeota shastae Chamberlin and Ivie, new species 
(Pl. X, figs. 68-70) 


Color: Entire cephalothorax and appendages straw yellow, except 
for black borders around the eyes. Abdomen pale yellowish gray with 
darker gray markings above, as shown in the figure; venter pale. 

Structure typical, differing essentially from C. calcaratum (Em.) only 
in details of the palpus and epigynum. 


Measurements: Male Female 
Length 1.73mm. 2.10 mm. 
Carapace: 

Length 87 1.00 

Width 67 72 
Tibia-patella: 

I 1.05 1.10 

IV 1.05 1.10 


Type locality: Weed, California. Male holotype, female 
allotype, female paratype. Collected by W. Ivie and R. V. 
Chamberlin, Sept. 8, 1935. Found in decayed stump near 
stream. 


Cybaeota wasatchensis Chamberlin and Ivie, new species 
(Pl. X, figs. 71-73; pl. XI, fig. 76) 

In color and structure very similar to C. shastae n. sp.; size somewhat 
larger. Palpi and epigyna of the two species very similar; the palpus 
differing mainly in the conductor as seen from ectal view, that of shastae 
being somewhat broader. 


Measurements: Male Female 
Length 2.20mm. 2.50 mm. 
Carapace: 

Length. 9! 1.10 

Width é .80 
Tibia-patella: 

I 1.30 1.34 

ae 1.30 1.34 


Type locality: Hughes Canyon, Wasatch Mts., near Salt 
Lake City, Utah. Male holotype, female allotype, female 
paratype. Collected by W. Ivie, May, 1934. Found under 
rocks, which in turn were covered with leaves. 

Other locality: Mill Creek Canyon, Wasatch Mts., Utah. 
Female paratype. Collected by W. Ivie. 


Cybaeota concolor Chamberlin and Ivie, new species 
(Pl. XI, figs. 77-78) 
This species differs from wasatchensis, which occurs in the same 
locality, by its smaller size, shorter legs, absence of dark color markings 
on abdomen, and noticeably smaller spermathecae of epigynum. 
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Measurements: Female 
Length... 2.30 mm. 
Carapace: 

Length... 90 

Width..... 70 
Tibia-patella: 

I 93 

IV ; 93 


Type locality: Mill Creek Canyon, Wasatch Mts., near Salt 
Lake City, Utah. Female holotype and paratype. Collected 
by R. V. Chamberlin. 


Cybaeota munda Chamberlin and Ivie, new species 
(Pl. XI, figs. 83-84) 

Female: Cephalothorax and legs orange, with a few dusky markings 
on the carapace; sternum yellowish. Abdomen dark gray on dorsum, 
with light markings as shown in the figure; venter and epigastric region 
pale. 

Structure typical. 


Measurements: Female 
Length.. 2.50 mm. 
Carapace: 

Length... cy .1.04 

Width 87 
Tibia-patella: 

1.34 

Pea ed ..1.34 


Type locality: La Honda, California. Female holotype. 
Collected by J. C. Chamberlin. 


Cybaeota vancouverana Chamberlin and Ivie, new species 
(Pl. XI, figs. 81-82) 


Color: Carapace, mouthparts, and legs orange, the carapace with 
narrow black borders on sides of thoracic part, and dusky markings on 
sides of cephalic part back of eyes. Sternum pale yellowish with narrow 
blackish margin on sides and behind. Abdomen dark gray with a double 
white spot on each side near base, and four white chevrons behind. 
Venter largely whitish, with a blackish band around the spinnerets, and 
dusky markings on the epigastric region and back of the genital furrow; 
the epigynum is obscured by the dusky markings (this is not the case 
in any of the other known species). 

Structure typical. A little larger species than C. nana n. sp. which 
occurs in the same region. 


Measurements: Female 
Length. . ..1.90 mm. 
Carapace: 

Length.. .. .85 

Width. 70 
Tibia-patella: 

I 95 


IV 90 
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Type locality: Sidney, Vancouver Island, British Columbia. 
Female holotype. Collected by R. V. Chamberlin and W. Ivie, 
Sept. 16, 1935. 


Cybaeota nana Chamberlin and Ivie, new species 
(Pl. X, figs. 74-75; pl. XI, figs. 79-80) 


Color similar to that of C. shastae n. sp., except the color pattern 
of the abdomen, which is distinct, as shown in the figures, with the 
dark gray darker than in shastae. Sides pale with a dark longitudinal 
area along the bottom, which encircles the spinnerets and sets off the 
pale whitish venter. 

Structure typical, with minor differences in epigynum and palpus as 
shown in the figures. Size smaller than that of other known species. 


Measurements: Male Female 
Length 1.40 mm. 1.80 mm. 
Carapace: 

Length.... 70 80 

Width..... 54 60 
Tibia-patella: 

75 87 

IV 75 87 


Type locality: Vancouver Island, British Columbia, about 
20 miles north of Victoria. Female holotype, male allotype. 
Collected by R. V. Chamberlin and W. Ivie, Sept. 14, 1935. 
Collected by sifting leaves. 


EXPLANATION OF PLATES 


PLATE I 
Calymmaria monicae n. sp. 1. Female. 2. Tibia of left palpus of male, ecto- 
dorsal view. 3. Embolus of left palpus, meso-ventral view. 
Calymmaria californica (Banks). 4. Tibia of left palpus, ecto-dorsal view. 
5. Embolus of left palpus, meso-ventral view. 
Calymmaria shastae n. sp. 6. Tibia of left palpus, ecto-dorsal view. 7. Embolus 
of left palpus, meso-ventral view. 


Pate II 


Calymmaria nana (Simon). 8. Internal epigynum (cleared by boiling in KOH 
solution), anterio-dorsal view. 9. External epigynum. 

Calymmaria emertoni (Simon). 10. Internal epigynum, anterio-dorsal view. 
11. External epigynum. 

Calymmaria suprema n. sp. 12. Internal epigynum, anterio-dorsal view. 
13. External epigynum. 

Calymmaria monicae n. sp. 14. Internal epigynum, anterio-dorsal view. 
15. External epigynum. 

Pate III 

Calymmaria monicae n. sp. 16. Left palpus, sub-mesal view. 17. Left palpus, 
sub-ventral view. 

Calymmaria supreman.sp. 18. Tibia of left palpus, ecto-dorsal view. 19. Embolus 
of left palpus, meso-ventral view. 








230 Annals Entomological Society of America [Vol. XXX, 


Calymmaria emertoni (Simon). 20. Tibia of left palpus, ecto-dorsal view. 
21. Embolus of left palpus, meso-ventral view. 

Calymmaria nana (Simon). 22. Tibia of left palpus, ecto-dorsal view. 23. Embolus 
of left palpus, meso-ventral view. 

Calymmaria shastae n. sp. 24. Epigynum. 


PLATE IV 


Chorizomma californicum Simon. 25. Left palpus, ventral view. 26. Left palpus, 
ectal view. 27. Epigynum. 28. Eyes of female. 

Chorizomma sequoiae n. sp. 29. Epigynum. 

Chorizomma flavum n. sp. 30. Epigynum. 

Chorizommoides lahondae n. sp. 31. Epigynum. 

Chorizommoides sylvicolus n. sp. 32. Epigynum. 33. Eyes of female. 


PLATE V 


Blabomma grandis n. sp. 34. Female. 35. Left palpus, sub-ventral view. 
36. Left palpus, ectal view. 37-38. Epigyna, showing two variations. 
39. Eyes of female. 


PLATE VI 


Blabomma guttata n. sp. 40. Epigynum. 41. Left palpus, sub-ventral view. 
42. Left palpus, ectal view. 

Blabomma flavipes n. sp. 438. Epigynum. 

Blabomma foxin. sp. 44. Epigynum. 

Blabomma yosemitensis n. sp. 45. Epigynum. 


PLATE VII 


Blabomma sanctan. sp. 46. Left palpus, sub-ventral view. 47. Left palpus, ectal 
view. 48. Epigynum. 

Blabomma hexops n. sp. 49. Left palpus, sub-ventral view. 50. Left palpus, 
ectal view. 51. Epigynum. 52. Eyes of female. 

Blabomma oregonensis n. sp. 53. Left palpus, sub-ventral view. 54. Left palpus, 
ectal view. 


PLATE VIII 


Ethobuella tuonops n. sp. 55. Female. 56. Left palpus, ventral view. 57. Left 
palpus, ectal view. 58. Embolus of left palpus, meso-ventral view. 
59. Epigynum. 60. Eyes of female. 

Ethobuella hesperan. sp. 61. Epigynum. 


PLATE IX 


Cybaeus exlineae n. sp. 62. Left palpus, ventral view. 63. Left palpus, ectal 
view. 64. Epigynum. 

Cybaeina xanthan. sp. 65. Epigynum. 

Cybaeosyga heterops n. sp. 66. Left palpus, ventral view. 67. Left palpus, 
ectal view. 


PLATE X 


Cybaeota shastae n. sp. 68. Left palpus, meso-ventral view. 69. Left palpus, 
ectal view. 70. Epigynum. 

Cybaeota wasatchensis n. sp. 71. Left palpus, meso-ventral view. 72. Left 
palpus, ectal view. 73. Epigynum. 

Cybaeota nana n. sp. 74. Left palpus, meso-ventral view. 75. Left palpus, 
ectal view. 


PLATE XI 


Cybaeota wasatchensis n. sp. 76. Abdomen of female. 

Cybaeota concolor n. sp. 77. Epigynum. 78. Abdomen of female. 
Cybaeota nana n. sp. 79. Epyginum. 80. Abdomen of female. 
Cybaeota vancouverana n. sp. 81. Epigynum. 82. Abdomen of female. 
Cybaeota munda n. sp. 83. Epigynum. 84. Abdomen of female 
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STRUCTURE OF THE REPRODUCTIVE SYSTEM OF THE 
PECAN WEEVIL (CURCULIONIDAE)'! 


THEO. L. BISSELL, 
Georgia Experiment Station, 
Experiment, Georgia 


The pecan weevil, Curculio caryae (Horn), is noted for its 
extremely long and slender beak which it uses for drilling the 
coverings of the host fruit for feeding and in preparation for 
egg-laying. There is a parallel development in the reproductive 
organs and the extended ovipositor has been found to be as long 
as the female beak, about 11 mm. The object of this paper 
is to describe in detail the reproductive system, male and female, 
using what seems to be the most appropriate and best estab- 
lished nomenclature. It is believed the male organs offer char- 
acters of taxonomic value but no other species of the genus has 
been carefully studied. 


Sharp and Muir (1912) and Sharp (1918) have been followed for the 
male system while names for the female parts are taken largely from 
Heberdey (1931) who reviewed the females of all insect orders, and from 
Snodgrass (1933). Tanner (1927) studied the female systems of many 
families of Coleoptera but Heberdey has pointed out that he confused 
the use of several terms “proctifer,”’ ‘valvifer,’”’ etc., in describing and 
figuring the ovipositor. In some species Tanner also incorrectly located 
the anus in relation to the ovipositor, as pointed out below. Metcalfe 
(1932) treated the reproductive systems of both male and female 
Coleoptera. Individual species of the following genera of Curculionidae 
have also been studied: Anthonomus by Henneguy (1904) and by Miles 
(1923), Sitophilus (Calandra) by Krautwig (1930), Conotrachelus by 
Sharp (1920), Hylobius by Munro (1914), Pissodes by Hopkins (1911), 
Tachypterellus by List (1932) and Trichobaris by Barber (1935). Kraut- 
wig’s paper is notable for its fine illustrations. In none of these do the 
protrusible parts compare in length with those of Curculio caryae. 

As to method, the weevil abdomens were opened dorsally and the 
whole reproductive system observed in place with a binocular dissecting 
microscope. Internal parts were dissected out as there was an abundance 
of material. Potassium hydroxide was used on some specimens, and 
lactic acid, which tends to swell out the parts, on others. In the draw- 
ings sclerotized parts are usually represented by stipple and mem- 
branous parts left clear. 

‘Paper No. 47, Journal Series, of the Georgia Agricultural Experiment Station, 
a study conducted co-operatively with the U. S. Bureau of Entomology and Plant 
Quarantine. 
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The author thanks Drs. O. A. Johannsen and W. T. M. Forbes of 
Cornell University and Mr. L. L. Buchanan of the U. S. Department of 
Agriculture for reading and criticizing the text. Especial thanks are due 
Mr. R. E. Snodgrass of the U. S. Department of Agriculture who exam- 
ined insect specimens and made important suggestions on the structures 
observed and on terminology. 


GENITAL SYSTEM OF THE MALE 


As stated by Sharp and Muir the male genital system consists of 
a continuous tube, with numerous foldings and extensions, which serves 
to carry the sperm from the testes into the body of the female. This 
tube is telescoped on itself so that, in the pecan weevil, there is at one 
point in the system a series of five tubes one within another. These fold- 
ings, together with several apodemes for muscle attachment and lev- 
erage, make a complicated apparatus. Some parts of the tube are trans- 
parent and flexible while other parts are densely colored and stiff. Met- 
calfe divides the reproductive system into two parts: the efferent sys- 
tem, from testes to ejaculatory duct, inclusive, and the external organs 
or copulatory apparatus which begins with the internal sac and ends 
with the connecting membrane at the body wall. The latter division 
includes all the sclerotized parts which Sharp and Muir called the 
aedeagus. 

The copulatory apparatus lies immediately under the dorsal integ- 
ument of the abdomen and slightly to the right. The whole apparatus is 
about as long as the abdomen, with the anterior end lying free and the 
posterior end connecting with the body wall just below the anus. The 
alimentary canal lies largely below but comes above the genital tube 
caudally. At the bottom of the abdominal cavity lie the testes, a pair 
on each side of the body, and the accessory glands which are sometimes 
greatly developed. 

In the newly emerged male the two white testes (¢, Fig. 4) on each 
side are closely united by a short thick T-tube, the vas deferens (vd). 
Each testis is oblate with scalloped edges. The periphery is divided into 
about 20 segments and the outer face, which is somewhat concave, has 
a low, yellow protuberance. One testis may be larger than its mate. In 
older males the vas deferens lengthens, allowing more space between 
the testes. It opens into a small seminal vesicle (sv) and to the latter are 
also attached two white accessory glands (ag). From each seminal 
vesicle extends a seminal duct (sd), the two ducts uniting under the 
copulatory apparatus to form a single tube, the ejaculatory duct (ed, 
Fig. 1). 

At the anterior end of the abodmen the ejaculatory duct passes into 
a large muscular sheath (mt, Fig. 2) which bends down and then up 
between the median struts (ms) and ends at the anterior end of the inter- 
nal sac (is), which is about as large in diameter as the sheath. The duct 
is a long much-coiled and thin-walled tube, about 0.025 mm. wide. On 
treatment in potash the muscular sheath dissolves leaving the slender 
folded duct. 

The opening of the ejaculatory duct into the internal sac is in the 
flagellum (f), a blunt-end bag formed by the infolding of the internal 
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sac. The attachment has not been clearly made out but appears to be 
on the side, about midway the length of the flagellum. The flagellum is 
entirely membranous, there being no sclerotized part such as that called 
the seminal valve by Hopkins or such as the transfer apparatus noted 
by Barber. In copulation the flagellum is supposedly the farthest 
exserted male part and the end of the ejaculatory duct becomes the 
functional orifice or gonopore. 

The internal sac is a clear straight tube passing into the anterior 
foramen (af, Fig. 1), of the connecting membrane and then into the 
median lobe (m/l), and connecting with the latter posteriorly at the 
median orifice or gonotreme (mo). Minute broad-based conical points 
are set into the wall of the sac internally, in the top and sides anteriorly 
but in the top only, posteriorly. Near the posterior end of the internal 
sac and lying in it is a pair of conspicuously-colored plates (cl) which 
apparently serve as claspers and are so called. They do not seem to 
have been described for any other beetle. The plates are attached to 
each other by one basal corner and by their widened bases to the wall 
of the sac. In the wall of the sac, between the claspers and the median 
orifice are seven pairs of shallow pouches which have a lining resembling 
fish scales. 

In Trichobaris, Barber found a pair of “‘orificial plates”’ lying in the 
wall of the internal sac at the median orifice and appearing outside of the 
orifice when the sac was everted. In Curculio what are taken to be these 
plates are bent out in the resting position (Fig. 2) and appear as rounded 
humps on the dorsal face of the apical end of the median lobe. The 
claspers are well separated from the wall of the median lobe and cannot 
be the orificial plates. 

The lobe, the most prominent part of the genital tube, is a hard and 
deeply colored tube with the apical end curved symmetrically down- 
ward to a thin point. In cross section the wall of the point has many 
small canals or pores, some of which have very short knobs on the outer 
surface, evidently the seat of sensory cells. The bottom of the lobe is 
strongly convex, the top slightly rounded and there is a heavy fold on 
each side. Two layers can be distinguished in the wall of the median 
lobe. From the proximal end extend the two struts or apodemes (ms), 
which are nearly as long as the lobe itself, S-shaped and flattened lat- 
erally. 

The outer covering of the copulatory apparatus is a long transparent 
membrane which completes the genital tube from median lobe to body 
wall. This actually includes two membranes, divided by the ring-like 
tegmen (¢g). The second connecting membrane (cm2)*? begins at the 
anterior end of the median lobe where it is loose and much folded in the 
upper wall to allow downward bending of the lobe, passes anteriorly to 
the upward bend in the median struts and then doubles outward and 
backward to the tegmen. The point of folding back is the anterior 
foramen (af, Fig. 1). The struts are fused anteriorly with the membrane 
or may be said to extend into tight-fitting pockets of the membrane. 
There is a toothed process on the dorsal edge of each strut at the entrance 
to the pocket. 

The tegmen is a narrow ring set diagonally around the membrane 
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and bears a strut (¢s) on its lower side. The strut projects anteriorly, is 
bent upward at its middle, and bears a tooth on its ventral side at this 
point. On the upper surface of the membrane the two sides or arms of 
the tegmen come together (to form the ring) and project posteriorly in 
two small plates. 

Connecting the tegmen with the body wall is the first membrane 
(cm1). Its anterior part is folded back under the tegmen for a short 
distance. Attached to the lower surface of the first membrane, at a 
point near the body wall is a heavy apodeme, the spiculum gastrale 
(spg), which extends forward about to the end of the tegminal strut. On 
each side of the attachment to the membrane is an elongate shoe-like 
thickening called the spicule plate (spp, Figs. 2 and 3). There is some 
variation in the thickness of the spiculum. In some specimens it is no 
heavier than the tegminal strut but in others about twice as thick. 

The genital tract opens (go, Fig. 3) into a small chamber or ves- 
tibule (vb) between the eighth tergum (#8) and eighth sternum (s8) at 
the caudal end of the body. Immediately above the opening is the anus 
(a). The sternum is much smaller than the tergum, is cleft posteriorly 
and is attached by the anterior angles to the sides of the tergum. A 
membrane joins the adjacent edges of the two plates to form the ves- 
tibule. The end of the tergum is sharply curved inward to form the 
ventral fold (vf) of Hopkins (1911, Pl. IX). Normally the eighth 
sternum is entirely covered by the seventh sternum. 

Accessory to the genital organs are many tracheae and muscles. 
From the sixth abdominal spiracle a tracheal tube (tr, Fig. 1) leads to a 
point near the anterior foramen, where it gives rise to three branches. 
Two branches pass into the foramen and lie beside the internal sac its 
whole length and the ends are attached to the median lobe at the median 
orifice. The end of the third branch appears to be wrapped around the 
ejaculatory duct. 

There are seven (or more) sets of muscles controlling the action of 
the copulatory organs. 1. A band from each of the tegminal arms passes 
forward to the ends of the median struts. 2. A broad heavy band unites 
the tegmen and the anterior end of the spicule. Fibres are attached all 
along the tegminal strut but are heaviest on the right side. There are 
no fibres in this set on the left arm. 3. A band from the tegminal strut 
passes into the anterior foramen, destination unknown. 4. A band of 
long muscles joins the tegminal strut on its left side to the first connect- 
ing membrane at the attachment of the spicule. 5. A few fibres join the 
ends of the tegminal and median struts. 6. Short thick muscles run 
upward from the first membrane to the body wall. 7. A sheath of 
muscles incloses the ejaculatory duct as described above. 


GENITAL SYSTEM OF THE FEMALE 


The reproductive system of the female pecan weevil has fewer fold- 
ings than the male and is characterized instead by loops. The female 


2?The numerical order of the membranes is reversed in the two papers of Sharp 
and Muir (1912) and Sharp (1918). The system used here is that of the latter 
paper. 
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abdomen has seven segments visible from above rather than eight as in 
the male. 

There are four elongate ovarian tubes (of), a pair, constituting an 
ovary, on each side of the body (Fig. 5). Each pair of tubes is joined 
anteriorly by their attenuate filaments (//) and the two pairs are joined 
by fine threads above the alimentary canal at the anterior end of the 
abdomen. An oviduct (0) leads from the posterior end of each tube, 
joins with its mate and then the two large tubes unite in the middle of 
the body to form the common oviduct (co) or egg passage. The portion 
just before this union, enlarges to become the calyx (cy) or chalice in 
which eggs collect. The union lies at the caudal end of the body, from 
there the common oviduct leads forward, and then, bending back 
again, passes into the vagina. 

The long vagina (v) consists of a heart-shaped base, commonly 
called the ‘‘uterus,’ and a slender body passing into the ovipositor and 
is long enough to allow protrusion of that organ. Longitudinal folds 
greatly thicken the walls of the ‘‘uterus.” The opening of the oviduct 
into vagina is the median gonopore and the posterior opening of the 
ragina at the tip of the ovipositor is the vulva or gonotreme (vu, Fig. 8). 

Opening off the vagina at its broad anterior end is the copulatory 
pouch or bursa (cp, Fig. 5). This pouch varies considerably in diameter. 
In some females it is not more than half as wide as the “uterus,” in 
others wider than the “‘uterus.”’ It contains a thick white substance and 
sometimes eggs. 

A small tube from the spermatheca also enters the vagina at its 
anterior end. The spermatheca (sc) is a rounded brown body, cleft at 
the middle with a strong point or claw on one half. At the side opposite 
the claw there is attached the spermathecal gland (sg) which is about 
as long as an ovarian tube. It consists of thick-walled tissue lined with a 
thin chitinous sack. Muscles run between the claw and body of the 
spermatheca and the body wall is darkened at the point of attachment. 
The color of the spermatheca makes it the most conspicuous object in 
the abdomen when the terga are lifted. 

The ovipositor (op) is extraordinarily long for a coleopteran. It is 
an outgrowth of the body wall but when not in use is retracted within 
itself, forming a double-walled tube. The proximal half of the ovipositor 
forms a thin sheath or foretube (ft) for the apical half or ovipositor 
proper which is supported by four dark-colored longitudinal ribs or 
baculi. Two of these, the proximal baculi (pd), run from the mid-folding 
of the ovipositor (which makes the foramen admiting the vagina) to a 
constriction near the posterior (apical) end. Two shorter ribs, the apical 
baculi (ab, Fig. 7), run from a point back of the constriction to the apex. 
Each baculum terminates in a narrow plate, the apical ones, which 
Tanner calls the coxites (cx), being the more obvious. Between the 
coxites is a thin membrane which has three folds dorsally and three ven- 
trally, thus making the organ expansible (Fig. 8). At the tip each coxite 
bears an oblong and flattened stylus (st, Fig. 7), which has a few setae 
on one edge. 

Posteriorly the foretube bends upward and forward and passes into 
a rather complex vestibule (vb, Fig. 6) at a point under the opening of 
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the rectum (rc). A long apodeme, the spiculum ventrale (spv), whose 
flattened anterior end is embedded in muscles near the base of the ovi- 
positor, forks under the vestibule. The two forks are fused with the 
floor of the vestibule and bend forward, the ends attached to each side 
of the ovipositor opening (opo). The floor of the vestibule between the 
forks, which is slightly sclerotized and bears a few spines, apparently 
constitutes the eighth sternum. The upper sides of the vestibule, and 
to a less extent the roof, are colored and are thickened to form a scoop- 
like structure which I call the mantle (m). It is the eighth tergum but 
no spiracle could be found. It appears triangular from the side and 
bears a fringe of long setae on the pointed anterior end or apex. The 
lower sides are set with many small setae and on the upper sides are 
minute multiple setae or spines, that is, two to six spines are set in a 
close row on one base. These appear to be on the inner wall of the 
mantle, and all point toward the apex. A narrow longitudinal fold 
projects downward from the roof of the mantle and a fold of the rectum 
goes back over the point. A membrane connects the base of the mantle 
to the turned-under end of the seventh tergum (#7). This membrane 
also extends below, connecting the floor of the vestibule with the end of 
the seventh sternum (s7), thus completing the walls of the passage. 

The walls of the vestibule are quite flexible and have much freedom 
of movement. The position above described (Fig. 6) is usually found in 
newly emerged females. Note that the point of the mantle is directed 
cephalad and away from the body opening. This may be called the 
retracted position. Female weevils readily evert the vestibule, straight- 
ening the forks of the apodeme (spv)* and throwing the ovipositor 
opening and anus to the rear. The mantle is turned inside out. In this 
position, with the genitalia still in the body, copulation can take place. 
The ovipositor may be thrust out from this position but when eggs are 
laid the vestibule is probably extended farther as in Figure 7, which 
position was secured artificially. 

It will be noted that the anus (a) opens at the apex of the mantle or 
tergum 8 (Fig. 7). In many of Tanner’s figures the anus is indicated on 
the ovipositor near its tip. An examination of one species that Tanner 
treated, Pantomorus godmani (Cr.) (P. fulleri), proves his figure to be 
incorrect. In this species, as in the pecan weevil, the anus is located 
above the base of the ovipositor in the extended position or above the 
ovipositor opening in the retracted position. The alimentary canal does 
not enter the ovipositor, as indicated by Tanner. 

Many tracheae supply the reproductive system. Two long tubes 
enter the ovipositor at its anterior end and run its entire length, at least 
to the constriction. 

Three sets of muscles form a triangle, joining the end of the apodeme, 
the underside of the large end of the vagina and the ovipositor at its 
mid-fold. A pair of muscles tie the posterior bend of the foretube to the 
front of the vestibule. Three short pairs of muscles bind the sides of the 
vestibule to the body wall. 


s’Henneguy (Fig. 178) calls this an ‘‘elastic, chitinous rod, acting as a retractor 
organ of the vagina.’’ 
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COPULATION 


In copulation the male pushes the median lobe into the female body 
until the median struts may be seen outside the male and the struts are 
bent as the point of the lobe is thrust anteriorly. Connecting membrane 
2 swells out at the base of the median lobe, and the first membrane, also 
swollen, surrounds the second. The internal sac is everted through the 
median orifice and the claspers, now free on the outside of the tube, 
appear as wings, about their own length from the orifice. Between the 
base of the claspers and the orifice the paired pouches swell laterally. 
The claspers enter the female vestibule apex first and appear to grasp 
the coxites. The internal sac enters the vulva and goes up the vagina 
but it is not known to what point. Krautwig demonstrated that in 
Sitophilus the ejaculatory duct opens into the copulatory pouch, 
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VARIATION IN POPULATIONS AND IN SIZE OF ADULTS 
OF TRICHOGRAMMA MINUTUM RILEY EMERGING 
FROM EGGS OF HELIOTHIS OBSOLETA FAB. 


GEORGE W. BARBER, 
Bureau of Entomology and Plant Quarantine, 
United States Department of Agriculture 


In rearing adults of Trichogramma minutum Riley from eggs 
of the corn ear worm moth (J/eliothis obsoleta Fab.) on corn 
during 1929, it was observed that the population of these 
parasites per host egg was variable and that there was con- 
siderable variation in the size of the adult parasites, possibly 
because some of these were depauperate. Collections of 
parasitized Heliothis eggs have been made since that time 
during periods of high parasitization and the adult parasites 
have been reared, and, in some instances, the forewings of these 
adults measured to determine the extent of their variation. 
The collections described herein were made in the following 
localities: Richmond, Va., in the summer of 1929 (292 Heliothis 
eggs); Savannah, Ga., in 1930 (400 eggs), and in June, 1933 
(1,000 eggs); and in Sandersville, Ga., in September, 1933 
(308 eggs, from soy beans). Parasites emerged from these 
2,000 eggs, and in the first, third, and fourth collections (rep- 
resented by 1,600 eggs) the forewings of each of the emerged 
parasites were measured. The J/Jeliothis eggs were segregated 
individually in shell vials 25 by 5 mm. in size, cotton-plugged. 
After emergence, the parasites from each egg were mounted on a 
microscope slide, and the length of the forewings of each was 
measured by means of a micrometer eyepiece. 


POPULATION OF TRICHOGRAMMA PER HOST EGG 


The populations of Trichogramma per host egg ranged from 1 to 5, 
the most common being 3. The frequency with which the various 
parasite populations per egg occurred in the four collections is given in 
Table I. The average occurrence of Trichogramma per H. obsoleta egg 
in the various collections was as follows: Richmond, Va., 1929, 2.43; 
Savannah, Ga., 1930, 2.67; Savannah, Ga., 1933, 2.74; Sandersville, 
Ga., 1933, 2.52. The average occurrence of the parasite in eggs of all 
collections was 2.64. 
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the bee body was about the same. The mortality of the bees 
was high. 

When pollen was added to the diet of such bees they devel- 
oped their bodies and commenced brood rearing normally. The 
resulting bees were normal. 

Grateful acknowledgment is made to Dr. M. C. Tanquary 
and Dr. W. A. Riley for their interest in the work and helpful 
suggestions during the preparation of the manuscript. 
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MANUAL OF PUBLIC HEALTH LABORATORY PRACTICE, by J. R. Currie. 
pp. i-xix and 1-378, 169 text figures. 1936. Printed at The Darien Press, 
Edinburgh; for sale in the United States by WiLL1AmM Woop & Co., Mount 
Royal and Guilford Aves., Baltimore, Md. Price, $6.75. 


The author, Professor J. R. Currie, of the Institute of Hygiene, The Uni- 
versity, Glasgow, Scotland, has given in this volume tests and other identification 
methods for about everything that one can think of as being brought into a public 
health laboratory for identification or scientific test. It is a time-saver and is 
planned as such for the medico-health official. 

The contents are arranged in sections: Chemistry, pp. 1-91; Bacteriology, 
92-149; Protozoology, 150-194; Helminthology, 195-247; Entomology (and 
Arachnology), 248-324; Meteorology, 325-362. 

The first section, Chemistry, gives tests for purity of water, for sewage, air, 
milk, butter, cereals, beverages, other foods, preservatives, disinfectants, etc. 
The sections on protozoology, helminthology and entomology are well illustrated 
with line drawings giving the characters of all the common species that attack 
man, contaminate his foods or infest his homes. The section on entomology 
is contributed by Dr. R. A. Staig, Lecturer in Zoology, University of Glasgow. 
It is excellent entomology as far as the identification of common vectors and 
household pests is concerned but it does not emphasize remedial measures though 
such are given at times. The volume is, of course, compiled from the laboratory 
point of view of identification merely. Remedial measures are left for other 
literature and other professions. The health officer is an intelligence officer who 
reports his findings to the proper executive authorities (too often without result). 

The section on meteorology is well done. In our general reading we see little 
on this subject, one vital enough to the organic world that we look first for the 
weather report in the daily paper and listen for it in the radio news. We have 
hoped that some biologist with the living world in mind would give biological stu- 
dents a good summary text or other volume on the inorganic environment, on 
soils, drainage systems, meteorology, climates, etc. The best we have at present 
is the ‘‘Atlas of American Agriculture,”’ 1936. 

To return to the Manual: It is well printed on very heavy paper, is sewed 
loosely for easy opening and bound in a solid cloth cover. Black-face headings 
are used freely which makes for quick location of items.—C. H. K. 
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The percentage loss of nitrogen in the heads and abdomens was 
practically the same. That of thoraces was the lowest. However, if we 
consider these losses quantitatively, they are about equal for all the 
three parts of the bee body. 

It is obvious that newly emerged bees can live on a pure carbohy- 
drate diet for a relatively long time. 

The bees were quite active during the experiment, flying daily in 
great numbers. In the winter cluster, emerging bees are apt to lose a 
smaller amount of nitrogen because their activities are rather limited 
during that time. Besides that, their carbohydrate food, honey, con- 
tains a small amount of protein. 

The behavior of the bees was normal in every respect. They even 
drew the foundation normally. However, their mortality was high 
(59.9 per cent during 21 day period, as compared with 12.7 per cent in 
the control pollen-fed colony). Toward the end of the experiment the 
bees exhibited a marked lack of vitality, sitting motionlessly on the 
comb. They did not pay any attention to the queen, which once escaped 
from the hive and was found flying in the cage. Those bees which tried 
to fly also did not show a normal strength. 

The bees which received pollen in addition to their diet considerably 
increased their weight and nitrogen content during the first six days of 
the new diet. Table II indicates that the greatest percentage increase 
was in the nitrogen content of the heads and abdomens. This was 
probably due to the development of the pharyngeal glands and to the 
restoration and storage of proteins in the fat body. If we disregard the 
increase in the nitrogen content of the digestive tracts which was prob- 
ably due largely to their pollen content, then the greatest quantitative 
increase was in the thoraces of the bees. 

These findings signify that newly emerged bees which have been 
deprived of proteinaceous food are able to develop their bodies after 
normal food is allowed to them. Moreover, in 24 hours after pollen was 
added to one of these sugar-fed colonies, the queen started egg laying. 
On the sixth day the bees commenced their normal brood rearing activ- 
ity. The larvae were sealed normally and the emerging bees were nor- 
mal, except for the smaller size. 

Another colony, established in a similar way, was kept for 30 days on 
protein free diet. When a comb with pollen and honey was added to the 
colony, on the fourth day the queen began egg laying. Although there 
were only about 700 bees left in the colony, they started brood rearing 
normally. The resulting bees, having 1.85 mgm. of nitrogen per indi- 
vidual, compared favorably with those reared by the control colony. 


CONCLUSION 


Newly emerged bees could subsist on a pure carbohydrate 
diet for a relatively long time. The dry weight and nitrogen con- 
tent of their bodies diminished. The greatest percentage loss of 
nitrogen was in the heads and abdomens, the lowest in the tho- 
races. The amount of nitrogen lost by each of these parts of 
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alimentary tracts of emerging bees is much lower than the figure given 
previously (Haydak 1934) it is probable that the content of the recta of 
the bees was responsible for this high nitrogen value of the intestines. 
Therefore the losses in the weight and nitrogen content of the alimentary 
tracts were probably due to defecation. An accumulation of the 


TABLE II. Changes in Dry Weight and Nitrogen Content of Newly Emerged 
Bees After Pollen Was Added to Their Diet. 



























































Days Bees 
Since Abdo- _— Whole Without | Alimentary 
the Diet| Heads | mens* Oraces Bees Digestive | Tractst 
Changed Tractst | 
— -s : Dry Weights (Milligrams) 
0 2.4 2.9 10.8 28.5 16.1 12.4 
2 | 2.6 3.0 10.9 27.4 16.5 10.9 
4 oe | | Se 11.2 32.9 17.9 15.0 
6 | 3.3 3.5 | 11.4 24.4 18.2 6.2 
| 
Gain in Weight (Milligrams) 
| 9 6 | 6 —4.1 | 21 —6.2 
— Gain in Weight (Percent) 
37.5 | 20.7 | 5.6 | —14.4 13.0 —50.0 
- Nitrogen Content (Milligrams) ; 
| | | 
0 | .20 1 | 1.14 | 2.03 1.52 51 
2 .26 .24 1.28 2.29 1.78 51 
4 .30 31 1.40 2.58 2.01 .O7 
6 34 .30 1.39 2.84 2.03 81 
Gain in Nitrogen (Milligrams) 
14 vw | 2 81 51 | 30 
Gain in Nitrogen (Percent) 
70.0 66.7 | 21.9 39.9 33.6 58.8 











*Alimentary tracts were removed. 
TtBy difference. 


products of the protein katabolism and possibly the bacterial flora seem 
to be responsible for the high nitrogen content of the intestines of the 
bees. As a matter of fact, the nitrogen content and the dry weight of the 
intestines were always higher than those of emerging bees (0.24 mgm. 
and 3.7 mgm. respectively). 
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RESULTS AND DISCUSSION 


The results of the experiment are presented in Tables 1 and 2. 
Table 1 shows that there was a considerable decline in the weight 
and nitrogen content of all parts of the bodies of the experimental bees. 


TABLE I, Changes in Dry Weight and Nitrogen Content of Newly Emerged 
Bees on a Pure Carbohydrate Diet. 






































Ase of eS Bees , 
pape ree Feads | AP40: |rnoraces| Whole | Without Ali- — 
celsiiaiiaapiaiiciiiaipinetn ne mens* horaces| Bees Digestive oe 
Youngest Oldest | Tracts — 
_! a a enn —_— — = 
Dry Weight (Milligrams) 
3 | 14 2.7 29 | 106 | 308 | 16.2 | 146 
17 | 28 2.4 2.9 | 10.8 | 28.5 | 16.1 12.4 
31 | 42 | 2.5 26 | 103 | 30.3 15.4 14.9 
45 55 2.5 2.9 | 10.6 | 28.9 16.0 12.9 
59 70 2.2 2.9 9.6 | 21.6 14.7 6.9 
Loss of Weight (Milligrams) 
l Nl 
5 o | 10] 9.2 1.5 7.7 
: —_ Loss of Weight ( Percent ) 
18.5 0 9.4 30.0 9.2 52.7 
1 
= — a — — 
Nitrogen Content (Milligrams) 
3 14 27 | .2 | 1.17 2.72 1.64 1.08 
7 | 28 > i wl £m| 28 1.52 | 51 
31 42 | 19 | 15 | 1.13 | 1.98 1.47 | 51 
45 55 19 | 16 | 1.14 1.93 1.49 | 44 
59 70 | .19 | .14 | 1.09 1.91 | 1.42 | 49 
Loss of Nitrogen (Milligrams) 
.08 06 08 81 22 | 59 
_ _ 
Loss of Nitrogen (Percent) 


29.5 30.0 6.8 29.8 13.4 | 54.6 


| 


*Alimentary tracts were removed. 
TBy difference. 


The weight of abdomens remained constant. This may signify that the 
stores of fat in the abdomens were not depleted during the protein 
starvation. The decrease in the nitrogen content was more marked than 
that in the weight. The greatest loss of the weight and nitrogen was in 
the alimentary tracts of the bees. Since the nitrogen content of the 





THE INFLUENCE OF A PURE CARBOHYDRATE 
DIET ON NEWLY EMERGED HONEYBEES'! 


Mykora H. Haypbak, 
Division of Entomology and Economic Zoology, 
University of Minnesota, Saint Paul, Minn. 


In the life of the honeybees there may be a period during 
which they are confined to a pure carbohydrate diet. In major- 
ity of cases it happens during the winter. However, wintering 
bees may consume pollen and then they start brood rearing. 
This may occur as early as the latter part of January. According 
to Farrar (1934) the brood rearing once started continues as 
long as pollen is available. It may happen that newly emerged 
bees from the last brood do not have any pollen for consumption 
in the hive and consequently have to maintain themselves on a 
pure carbohydrate diet for a shorter or longer time. Under such 
circumstances they undoubtedly do not have any source of 
protein to cover the losses of the nitrogen katabolism. 

The question arises: Can such newly emerged bees live on 
the expense of proteins present in their bodies, are they able to 
restitute the losses which occurred during the protein starvation 
and start the brood rearing normally? 

The present experiment was started in order to elucidate 
the problem. 


METHODS 


Two colonies, consisting of bees which had never eaten pollen, were 
established according to the procedure already described (Haydak, 
1936). The bees were kept in confinement and received only sugar solu- 
tion ad libitum. Every two weeks a sample of 30 bees was taken and 
the dry weight and nitrogen content of the heads, thoraces, abdomens 
(from which digestive tracts were removed), and the whole bees were 
determined as was done in my former paper (Haydak, 1934). After 
18 days on sugar diet, one colony was given a comb with pollen and 
honey; the other was continued to be fed sugar solution only. The dry 
weight and nitrogen content of all parts of the bee bodies from the 
former colony were determined at two-day intervals. 


'Paper No. 1483 of the Scientific Journal series of the Minnesota Agricultural 
Experiment Station. 

“Completion of this project was made possible by co-workers supplied on 
project 1985, Minnesota Works Progress Administration. Sponsors: University of 
Minnesota.”’ 
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Paratyndaris suturalis Fall 


Described from a unique specimen collected at Big Pine 
Key, Florida, July 20, 1929. 


LITERATURE 


G. H. Horn. Trans. Amer. Ent. Soc., XIII, p. 147, 1885. 
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EXPLANATION OF PLATE 


Paratyndaris albofasciata n. sp. 
Paratyndaris anomalis n. sp. 
Paratyndaris acaciae n. sp. 
Paratyndaris coursetiae Fishr. 


al 
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Abdomen beneath finely punctured, vestiture concealing most of 
the area, second segment at middle of posterior margin with a small 
rounded plate extending over the third segment one-half of its width, 
plate granulate, last abdominal segment terminating in an obtuse spine. 
Tarsi slender, claws simple, not toothed, but slightly swollen at bases. 

Length 8 mm.; width 2.9 mm. 

Female.—Differs from male by the ventral abdominal plate being 
smaller and glabrous. 


Described from a series of specimens taken from the dead 
branches of cat’s claw (Acacia constricta Benth.) by the author 
in the following localities in Texas: Pecos River, May 23; 
Davis Mountains, May 25-29, 1935; June 13-Aug. 23, Chisos 
Mountains, July 9, 1936. Also Silver City, N. M., June 20, 
1933, R. T. Kellogg and Chisos Mountains, July 9-17, H. A. 
Wenzel in the Wenzel Collection at Ohio State University. 

Holotype male labeled Davis Mountains, May 29, 1935, 
allotype and paratypes in author’s collection, paratypes in Ohio 
State University collection and collection of the U. S. National 
Museum. 

This species is closely related to P. coursetiae Fisher. How- 
ever it is usually larger in size, head and pronotum less coarsely 
punctured; pronotum of different shape, more convex and 
opaque. Mr. W.S. Fisher has kindly compared the species with 


his type of P. coursetiae Fisher. 


Paratyndaris olneyae (Skinn.) 


Collected from the foliage of mesquite (Prosopis juliflora 
D. C.) in the following localities: Las Vegas, Nev., Aug. 1; 
Chiricahua Mts., June 1-4; and Gila Mts., Ariz., Aug. 8. 


Paratyndaris prosopis (Skinn.) 


Collected from the foliage of oak (Quercus sp.) at Barroso, 
June 18, and Gillespie Co., Tex., June 12-17. 


Paratyndaris coursetia Fisher 


Collected from the foliage of desert hackberry (Celtis pallida 
Torr.) at Tucson, Ariz., Aug. 8-10. 


Paratyndaris chamaeleonis (Skinn.) 


Adults were taken from the foliage of mesquite (Prosopis 
julifilora D. C.) at Brownsville, June 1-11, and Uvalde, Tex., 
June 30. 
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Described from a series of specimens taken from the dead 
branches of palo verde (Cercidium torreyanum Sarg.) by the 
author in the various localities in Arizona: Owlhead, July 28; 
Gila Mts., Aug. 7-9; Gila Bend, Aug. 9; Aztec, Aug. 9; Tucson, 
Aug. 8-13; Coyote Mts., Aug. 15, 1936. Also a specimen labeled 
Bill Williams Fork, Aug., F. H. Snow. 

Holotype female labeled Tucson, Ariz., Aug. 12, 1936, and 
paratypes in writer’s collection. Paratypes in collections of 
University of Kansas and Ohio State University. 

This species is distinct from any of our known forms of the 
genus by the spatulate vestiture. 


Paratyndaris barberi (Skinn.) 


Specimens were collected from the foliage of mesquite 
(Prosopis juliflora D. C.) in the following localities: Las Vegas, 
Nev., Aug. 1; Gila Mts., Aug. 9; and Gila Bend, Ariz., Aug. 9. 


Paratyndaris cincta (Horn) 


Described from a unique specimen labeled Texas. 


Paratyndaris acaciae n. sp. 


Male.—Form robust, cylindrical, piceous above and below, shining, 
pronotum opaque, an irregular red area along side margin of each 
elytron about one-third of the length of the elytron from base, clothed 
above and below with recumbent white pubescence, pubescence denser 
below. 

Head convex, no sign of median depression, eyes small, finely gran- 
ulate, surface densely, finely punctured, densely pubescent, a fine 
smooth line extending from vertex down front; antennae short, not 
reaching to middle of pronotum when laid along side margin, serrate 
from the sixth joint. 

Pronotum slightly wider than long, widest in middle, wider at base 
than at apex; sides broadly rounded; lateral margin entire; anterior 
margin broadly rounded; basal margin only slightly sinuate; disk very 
convex, a median smooth line in a slight depression extending from 
base to middle; surface densely coarsely punctured at sides, transversely 
asperate in middle, pubescence concealing punctures at sides, a large 
central area with vestiture so short that the area appears denuded. 
Scutellum round, glabrous. 

Elytra wider than widest part of pronotum; sides parallel at base, 
constricted back of humeral angles, subparallel to back of middle, 
rounded to apices, apices with three teeth along margin and three 
above; lateral margins serrate from middle; disk convex, umbone prom- 
inent; surface irregularly striate, punctures of striae much larger than 
those of interspaces. 
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surface coarsely, closely punctured on sides, asperate in middle. Scu- 
tellum round, glabrous. 

Elytra at base not as wide as widest part of pronotum; sides nearly 
parallel near base, constricted at middle, broadly rounded posteriorly, 
apices with three teeth along margin and three higher up; side margins 
serrulate from middle; disk convex, umbone prominent; surface irreg- 
ularly striate, punctures of striae large, those of interspaces smaller. 

Abdomen beneath densely coarsely punctured, second segment at 
middle of posterior margin with a broadly rounded translucent lobe 
which extends over the third segment about one-third of its width, third 
segment with a slight corresponding lobe, last abdominal segment 
terminating in an acute tooth. Tarsi slender, claws simple, not toothed, 
anterior and middle claws swollen at bases. 

Length 6.9 mm.; width 2.5 mm. 


Described from specimens collected from the dead branches 
of mesquite (Prosopis juliflora D. C.) at Las Vegas, Nevada, 
August 1, 1936, by the writer. Holotype male and paratypes in 
writer’s collection. 

The markings of the elytra although a trifle variable will 
serve to separate this species from its allies. 


Paratyndaris albofasciata n. sp. 


Female.—Form robust, cylindrical, piceous with violaceous lustre, 
a small triangular red spot on lateral margin of each elytron one-third 
the length of the elytron from the base, densely clothed with recumbent 
spatulate white scales which obscure most of the surface. 

Head convex, no sign of median depression, front coarsely punc- 
tured, vertex rugose; eyes small, finely granulate; antennae slender, 
reaching to about middle of pronotum when laid along side margin, 
serrate from the sixth joint. 

Pronotum slightly wider than long, widest in front of middle; sides 
broadly rounded in front, oblique to base; lateral margin entire; anterior 
margin broadly rounded; basal margin emarginate on each side, median 
lobe ‘broadly rounded; disk very convex, an oval median depression 
extending from base to near anterior margin; surface coarsely densely 
punctured in median depression and along sides, asperate between 
these areas. Scutellum round, glabrous. 

Elytra at base narrower than widest part of pronotum, sides nearly 
parallel in front, narrowed posteriorly, apices with three teeth along 
margin and two higher up, side margins serrulate from middle, disk 
convex, umbone prominent; surface irregularly striate, punctures of 
striae larger than those of interspaces. 

Abdomen beneath coarsely punctured, second segment at middle 
of posterior margin with a small rounded translucent lobe which extends 
over the third segment about one-fourth of its width, last abdominal 
segment terminating in an acute tooth. Tarsi slender, claws simple, not 
toothed, but slightly swollen at bases. 

Length 6 mm.; width 2 mm. 








NEW SPECIES OF PARATYNDARIS WITH NOTES ON 
DESCRIBED FORMS 


(Coleoptera: Buprestidae) 


Joser N. KNUwLL, 
Ohio State University, 
Columbus, Ohio 


KEY TO THE NORTH AMERICAN SPECIES OF PARATYNDARIS 


A. Last ventral segment of abdomen terminating in a spine. 
B. Antennae serrate from the seventh joint anomalis 
BB. Antennae serrate from the sixth joint. 
C. Pronotum with a median depression. 
D. Pronotum with a broad shallow depression; depression coarsely 
punctured, rest of surface asperate. 
E. Vestiture consisting of spatulate, recumbent scales albofasciata 
EE. Vestiture consisting of normal pubescence 
DD. Pronotum with a narrow depression which is more or less smooth. 
E. Pronotum opaque. 

F. Asperities not in transverse rows, elytron with a large trans- 
verse median cream colored area extending from lateral 
margin nearly to suture 

FF. Asperities in transverse rows, elytron with a small irregular 
red area along side margin one-third from base acaciae 

EE. Pronotum shining, asperities coarse. 
F. Elytron with two orange spots olneyae 
FF. Elytron with two yellow spots surrounded with blue... .prosopis 
CC. Pronotum convex, without any trace of median depression. 

D. Elytron with irregular red area along side margin one-third from 
coursetiae 

DD. Each elytron with three transverse yellow bands surrounded by a 
blue margin chamaeleonis 

AA. Last ventral segment of abdomen acutely pointed but not spiniform, 
suturalis 


Paratyndaris anomalis n. sp. 


Male.—Form robust, cylindrical, piceous with violaceous lustre, 
each elytron with an irregular yellow area along side margin back of 
humerus extending beyond the middle, another similar area extending 
from near base to apical fourth of elytron, the distance of one interspace 
from suture; areas irregularly joined near base, clothed with fine recum- 
bent white pubescence which is denser on ventral surface and along 
sides of pronotum. 

Head convex, without median depression; surface densely punctured ; 
eyes large, lower lobe more rounded than above; antennae short, not 
extending to middle of pronotum when laid along side margin, serrate 
from the seventh joint. 

Pronotum wider than long, widest in middle, wider at base than 
apex; sides rounded from base to apex; lateral margin entire; anterior 
margin broadly rounded; basal margin slightly sinuate, median lobe 
broad; disk convex with small smooth depression in front of scutellum; 
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PLATE II 


Pecan Weevil, Sex Organs 





Theo. L. Bissell 





PLATE | 


Pecan Weevil, Sex Organs 


Theo. L. Bissell 
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EXPLANATION OF PLATES 
(Figures 3 and 4 magnified 18 times, all others 35 times.) 


PLaTE I 
Male Reproductive System of Curculio caryae (Horn) 


Fig. 1, Copulatory apparatus, dorsal view. Fig. 2, Copulatory apparatus, lateral 
view. Fig. 3, Posterior end of abdomen, ventral view. Fig. 4, Efferent 
system. 


PiateE II 
Female Reproductive System of Curculio caryae (Horn) 


Fig. 5, Entire system, dorsal view. Fig. 6, Posterior end of female system, with 
mantle retracted, lateral view. Fig. 7, Mantle and ovipositor extended, 
lateral view. Fig. 8, Apical end of ovipositor, dorsal view. 


ABBREVIATIONS 


a, anus; ab, apical baculum; af, anterior foramen; ag, accessory gland; 
cl, clasper; cm1, first connecting membrane; cm2, second connecting membrane; 
co, common oviduct; cp, copulatory pouch; cx, coxite; cy, calyx; ed, ejaculatory 
duct; f, flagellum; fl, filament; ft, foretube; go, genital opening (male); is, internal 
sac; m, mantle; ml, median lobe; mo, median orifice; ms, median strut; mt, 
muscular sheath enclosing ejaculatory duct; 0, oviduct; op, ovipositor; opo, ovi- 
positor opening; of, ovarian tube; pb, proximal baculum; rc, rectum; sc, 
spermatheca; sd, seminal duct; sg, spermathecal gland; spg, spiculum gastrale; 
spp, spicule plate; spv, spiculum ventrale; st, stylus; sv, seminal vesicule; s7, 
seventh sternum; s8, eighth sternum; ¢, testis; tg, tegmen; ¢r, trachea; ts, tegminal 
strut; #7, seventh tergum; /8, eighth tergum; v, vagina; vb, vestibule; vd, vas 
deferens; vf, ventral fold; vu, vulva. 
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TABLE I 
OcCURRENCE OF TRICHOGRAMMA MINUTUM IN EGGs OF HELIOTHIS OBSOLETA 
NUMBER OF TIMES OCCURRING IN 
Number of SEVERAL COLLECTIONS Total |Percentage 
Adult Number | of Whole 
Parasites of Number 
Emerging Richmond,} Savannah,| Savannah,| Sanders- | Instances of 
Per Egg Vaies Ga., Ga., ville, Ga., Instances 
1929 1930 1933 1933 
Batbienas ens 34 35 83 | 31 183 9.15 
Bitctensene 125 124 257 117 623 31.15 
ribs ce ssews 107 186 | 509 131 933 46.65 
Rececunecas 26 49 142 28 245 12.25 
eecetinw | 0 6 | 9 1 16 80 
Total.....| 292 | 400 | 1,000 | 308 2,000 100.00 














PROPORTION OF SEXES 

Of 5,288 parasites emerging from the 2,000 eggs observed, 3,414, 
or 64.56 percent, were females, and 1,874, or 35.44 percent, were males. 
The sexes occurred in 17 different combinations in the various popula- 
tions per egg. The frequency with which these combinations occurred 
is given in Table II. By far the most common parasite grouping per 
host egg was one male and two females, which was found in 702, or 
35.1 percent, of the 2,000 host eggs studied. In each of the four col- 
lections the sex ratios of the parasites were remarkably similar, the 
percentage of males ranging from 34.45 to 36.77, while that of the 
females ranged from 63.23 to 65.55. 

This sex ratio held good for each egg population as well as for the 
whole number of parasites recovered. Thus, whether 1, 2, 3, 4, or 5 
parasites emerged per host egg, the sex ratio was, in each case, about 
one male to two females. These data are summarized in Table III. 


TABLE III 


RELATIONSHIP OF TRICHOGRAMMA MINUTUM POPULATION PER HELIOTHIS EGG TO 
THE PERCENTAGE OF THE SEXES OF PARASITES 


























| 
Number MALES FEMALES Total Total 
of Number Number 
Parasites of of 
per Host Egg| Number |Percentage| Number |Percentage| Host Eggs | Parasites 
of Whole of Whole 
i a | ae 
:. 63 34.43 120 65.57 183 183 
7 415 33.31 831 66.69 623 1,246 
3. 1,026 36.66 1,773 63.34 933 2,799 
4. 340 34.69 640 65.31 245 980 
5. 30 | 37.50 50 62.50 16 80 
Grand total 1,874 | 35.44 | 3,414 | 64.56 2,000 5,288 
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LENGTH OF FOREWINGS IN ADULTS OF 
TRICHOGRAMMA MINUTUM 


In an effort to determine the comparative size of the parasites, the 
length of the forewing of the adults was measured, this being considered 
more satisfactory than any other measurement because of its showing 
less distortion in the dead insects preserved on slides, and consequently 
giving a truer comparison than any other easily measured part. 

The length of the forewings was quite variable, being in general 
dependent upon the population of parasites per host egg. In cases 
where only one parasite occurred per egg, the adults were large, robust, 
vigorous individuals. Often when four or five individuals occurred 
per egg, one or more of these were minute, and sometimes so weak that 
they failed to spread their wings, and shortly died. 


TABLE IV 


EXTREME RANGE IN WING LENGTH OF ADULTS OF TRICHOGRAMMA MINUTUM 
FROM HELIOTHIS EGGs 











LENGTH OF THE FOREWING 
LOCALITY AND YEAR OF MALES FEMALES 
COLLECTION 
Largest Smallest Largest Smallest 
Mm. Mm. Mm. Mm. 
Richmond, Va., 1929....... 0.59 0.31 0.69 0.29 
Savannah, Ga., 1933....... .44 ei .55 .20 
Sandersville, Ga., 1933..... .55 .28 55 .30 





The extremes of wing length in perfect adults are given in Table IV. 
The forewing of the largest male was 0.59 mm. long and the length of 
the forewing of the smallest male was 0.21 mm. The largest female 
had a wing length of 0.69 mm. and the smallest a wing length of 0.20 mm. 
Thus the ratio of the length of forewings of the largest and smallest 
males recorded was 1.00 to 0.36, whereas for the females it was 1.00 
to 0.29. It was estimated that the smallest male was about one 
twenty-fifth the bulk of the largest male, and the smallest female 
about one-fortieth the bulk of the largest female. The smallest indi- 
viduals were therefore pygmies in comparison with the largest 
individuals. The ratio of length of the forewing of the smallest male 
to that of the smallest female was 1.00 to 0.95, while for the largest 
male and female this ratio was 1.00 to 1.17. In general females were 
slightly larger than males. 

In cases where more than a single parasite occurred per egg, the 
individuals were usually of different wing length. In 39 instances, or 
10.4 percent, of 374 observed eggs having a parasite population of 2, 
the wings were of equal length; in 335 instances, or 89.6 percent, the 
individuals were of unequal wing length. The duplication of wing 
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length was most commonly found in eggs having 4 parasites each, 
where in 53, or 31.4 percent, of 169 instances, 2 adults of the 4 in each 
egg were of equal wing length. Most often, however, in whatever 
population the parasites occurred per host egg, all adults from any one 
egg were of different wing length. 

In figure 1 the mean length of the forewings of each sex of 
Trichogramma minutum in each observed population per host egg, in 
three localities, is expressed graphically. In each locality, and in 
each sex, the mean wing length of the parasites regularly decreased as 
the populations per host egg increased. The wing length of parasites 
in comparable populations varied in the different localities, owing, no 
doubt, to the uncontrolled variable factors of the environment, such as 
difference in the bulk of host eggs, which determined the amount of 
food available for the parasites feeding within any one egg. 






RICHMOND, VA., i929 SAVANNAH,GA., 1933 SANDERSVILLE,GA.,OCT. 1933 


Os Hy | | | 
= ' 2 3 a 5 ' 2 3 


NUMBER OF PARASITES 


AVERAGE LENGTH OF FOREWING 
IN MILLIMETERS 





' 2 


PER HOST EGG 





Fic. 1 Ratio of wing length in Trichogramma to population per host egg as 
shown in material from three localities. 


SUMMARY 


Four collections of eggs of Heliothis obsoleta were made. 
From these collections adults of Trichogramma minutum 
emerged from 2,000 host eggs, and in 1,600 the forewings of 
parasites were measured. 

The population of parasites per host egg ranged from 
1 to 5. 

Approximately twice as many females as males were 
recovered from each collection. 

The adult parasites were quite variable in wing length. 
Considered from the viewpoint of relative bulk, the smallest 
male was about one twenty-fifth the bulk of the largest male, 
whereas the smallest female was about one-fortieth the bulk 
of the largest female. 

While duplication of wing length frequently occurred in 
the cases where eggs contained more than a single parasite, it 
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was found that more often the parasites emerging from one 
host egg were of different wing lengths. 

In each locality and in each sex, the mean wing length of 
parasites regularly decreased as the population per host egg 
increased. It thus appears that a determining cause of varia- 
tion in size of adults of 7richogramma minutum within a single 
host egg is the competition for food among the parasite larvae. 


TERMITE CITY, by Atrrep E. EMERSON AND ELEANOR FisH. Pages 1-127, 
foreword by WILLIAM BEEBE, 35 illustrations by KEITH WARD. Published 
by Ranpb, McNALLY AND Co., 536 Clark St., Chicago. Price, $1.50. 

We have had difficulty in keeping track of our copy of this interesting children’s 
book. It disappeared the day it was brought home. On inquiry it was disclosed 
that our five-year-old daughter had taken it to school to her teacher. The latter 
passed it to the teacher of nine-year-olds where almost at once it became common 
property of the school. With this knowledge in hand we put the problem of its 
recovery in the hands of the chief of our diplomatic service, the tactful wife. 
After a conversation over the phone with a delightful voice in some distant school 
room and a trip by our diplomat the book was returned, but only for one night. 
‘Please, there is a waiting list of children to read it. They have been talking 
‘termite city’ for a week.”’ 

To wander further, if all books could be thoroughly tried out before reviews 
were written we could reduce space allotted to ‘‘Book Notices’’ to reviews of 
such as returned thumbed and ragged with use. However, such would be the 
last to come back, if they returned at all. So many things in our way of life are 
back end to. Book reviewing is one of them. If we could only reverse that tight 
sequence of events we speak of as time! 

To return to the present event: Emerson and Fish describe in simple language 
the doings of termites as Emerson observed them in the jungle about the Beebe 
laboratory at Kartabo in British Guiana. In six chapters they discuss, I. Soldiers 
to the Defence; this the behavior of a colony of 3,000,000 termites in a carton 
nest, to the attack of anant eater: II. Termite Ancestry; origin of fossil termites 
of great age in amber and the Florissant shales: III. Royalty Flies Forth; 
behavior at swarming and the founding of new nests, the perils encountered by 
winged forms this the only time they are exposed in the open: IV. Termites 
Entertain; the various interesting house guests and their care by the hosts: 
V. Three Puzzles; a fight to death between two supplemental queens; how do the 
workers know when and how to build a porch and landing place below the exit 
hole made for a mating flight, the porch being destroyed immediately after the 
flight; how did termites learn to construct devices against flooding rains when 
but a small percentage of the 3,000,000 in the colony actually engage in the specific 
construction activity; how do such get together and co-operate against the other 
continued behavior of the colony as a whole: VI. Our Rivals; an interesting 
migration from the destroyed nest into a vacant house which later tumbled onto 
unsuspecting biologists. The volume closes with a thirteen-page glossary that 
covers in simple language some of the terms used and explains specific types of 
behavior, of structure of termite and nest, etc., and finally a good index. For 
once we have a simple book of observed facts, one not written down condescend- 
ingly to child level. 

The numerous excellent illustrations in wood-block style, simple, but dynamic 
with expression of termite activity, support the simple and direct text. They 
give the child a satisfying visualization of the scenes described by the authors. 

The book is well bound in linen with attractive designs inside the covers and is 
printed on heavy paper. It is one of the occasional books we ourselves have read 
from cover to cover.—C. H. K. 





OBSERVATIONS ON GRYLLOBLATTA 
CAMPODEIFORMIS WALKER! 


HarRLow B. MILLs AND J. H. PEPPER, 


Montana State College, 
Bozeman, Montana 


INTRODUCTION 


Few modern insects have evoked greater interest or pro- 
voked more speculation than has the interesting Orthopteroid, 
Grylloblatta campodeiformis Walker. Since its discovery in the 
Canadian Rockies in 1913 by Dr. E. M. Walker, discussions 
rising to the intensity of controversies have punctuated our 
North American entomological literature. 

These discussions, thought-provoking and valuable as they 
are, are philosophical and are based largely on attempts to 
homologize the morphology of this insect with that of both mod- 
ern and fossil forms. The fact that G. campodetformts is a living 
entity, fitting into a rather unique environment, has been sec- 
ondary, and other than for random collection notes and some 
general observations,’ very little is known concerning its physical 
requirements. A few observations have been made this past fall 
which may shed some light upon these points. 


COLLECTIONS 


The first Montana specimens of G. campodeiformis were 
taken in the Gallatin Canyon (Plate I) about 50 miles south of 
Bozeman on September 27, 1936, by Mr. Fred Skoog. Three 
trips were made to this region, on September 28, October 2; 
and October 10, yielding a total of 96 specimens, which varied in 
development from minute white nymphs to adults. Seventeen 
more were taken in the Bridger Range near Fairy Lake, North 
of Bozeman, on October 11. This collection is of interest in 
that the Bridger Mountains are relatively isolated, being con- 
nected at their southern extremity with the Gallatin system in 
the region of the Bozeman Pass, where the elevation drops to 


1Contribution from the Department of Entomology, Montana Agricultural 
Experiment Station. Paper No. 86, Journal Series. 


2Ford, Norma. Canadian Entomologist, Vol. LVIII, No. 3, pp. 66-70, March, 
1926. 
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between 5200 and 5600 feet and the terrain is characterized by 
rolling, treeless hills. It seems doubtful that there is a con- 
tinuous distribution from the upper Gallatin area of first dis- 
covery to the Bridger Range. 

In the Gallatin area all of the specimens were found at the 
foot of rock slides, from the base to approximately 50 yards out. 
These slides faced south, southeast, southwest, and northeast, 
and varied in elevation from 5400 to 6800 feet. The specimens 
obtained on October 10 were taken from beneath rocks which 
were frozen to the ground. They were quite active. The eleva- 
tion of the Fairy Lake collection ground was 8600 feet, on a tree 
covered slope which faced directly north. 


BIOLOGY 


No grylloblattids were found in the open; all were taken beneath 
some shelter which was usually rather firmly imbedded in the soil. The 
most of them were beneath rocks and under logs. Three specimens were 
found beneath the skull of an elk. A few dead individuals were found, 
these usually with holes in the side of the abdomen. 

These insects are remarkably solitary in their habits. In but two 
instances were two specimens taken from beneath the same rock and in 
two cases three were collected together. Other arthropods collected in 
the same situation were pseudoscorpions, millipedes, centipedes, Cam- 
podeidae, Collembola, Carabidae, Staphylinidae, and ants. It is of 
interest to note that these insects were almost always absent from rocks 
which sheltered grylloblattids. 

Grylloblattids which were kept for observation were fed a diet of 
flies and white bread. They also fed on decaying organic matter gleaned 
from the moss or mulch in which they were kept. The flies which they 
were fed were killed before being placed with them. Live or even 
slightly moving flies excited the grylloblattids greatly, and they could 
not be induced to take other than completely motionless prey. The 
method of attack is interesting. We quote from our notes: 


No. 21, Adult 9, October 6. 


Fly added. The grylloblattid felt it with the tips of its antennae and then 
rushed on it, snapping at the abdomen two or three times. Its mandibles did not 
penetrate the well armed abdomen, and it backed off to the other side of the box. 


No. 23, Adult 9, October 6. 


Fly added. Upon contacting it with the tips of its antennae the grylloblattid 
slowly approached it, suddenly grasping it at the base of the right wing. It 
then backed rapidly away, dragging the fly, and with the tip of its abdomen high 
in the air. Turning about it ran swiftly around the box, over the edge, and on to 
the table. It was guided back home but not once did it relinquish its hold. 


No. 27, Adult o, October 6. 

Fly added. The grylloblattid, agitated by the movement of the box, ran 
about and escaped onto the table. After a chase it was recaptured and upon 
contacting the fly with its antennae its excitement ceased. It slowly approached, 
grasped the food, and backed away very rapidly, completely clearing the side 
of the box, and losing its prey as it fell over the edge. 
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No. 30, Adult 9, October 6. 


Fly added. This female dashed at the food three times, trying to draw it 
back. It failed to obtain a hold and on the third attempt turned a complete 
backward somersault. After this it ran excitedly over the edge of the box and 
onto the table. 


The same tactics of slow stalk, quick rush, and excited movement 
after capture were employed when the white bread was offered. 

The specimens which we have had under observation seemed to have 
a great distaste for the company of other living animals of sufficient size 
for them to perceive. When placed together a rough and tumble fight 
ensued which it was necessary to stop before bodily injury was suffered 
by one of the combatants. In one case, neglect to observe this precau- 
tion resulted in one of the specimens being partially incapacitated. A 
slowly moving fly was added to one box and its occupant merely snapped 
at it on passing, apparently because of bad humor rather than desire for 
food. When picked up, these insects gnash their mandibles against the 
tweezers and show considerable pugnacity. 

On October 26 and November 17 attempts were made to secure 
mating. At first the sexes fought desperately upon coming into contact 
and later they shunned each other completely. Neither attempt was 
successful. 

Several of the females in captivity died under rather peculiar cir- 
cumstances. The abdomen swelled greatly, turned black, and finally 
ruptured through the pleural membrane. From the rupture of one of 
these specimens mycelia of a fungus protruded. This fungus was cul- 
tured by Dr. F. B. Cotner, of the Botany Department, Montana State 
College, and a Phycomycete of the genus Mucor was obtained. It is 
unknown whether this was a primary or secondary infection. 


REACTION TO HUMIDITY AND TEMPERATURE 


Observations on humidity requirements of G. campodeiformis were 
incidental to other observations. They thrived in 100% relative humid- 
ity and as their containers dried their activity was reduced, the antennae 
curled and the use of appendages was lost. The integument of these 
insects is delicate and pinned specimens shrink and distort considerably. 
One would infer that the optimum relative humidity approaches 100%. 

Their reactions to temperature are striking in the uniformity with 
which the individuals respond to temperature changes. Three sets of 
experiments were carried on, (1) to locate the optimum, (2) to discover 
reactions to subzero temperatures, and (3) to ascertain the activity at 
higher temperatures than those of the normal range. See text figure 1. 

A special apparatus was built which allowed the insects to come to 
rest at the temperature which was most acceptable to them. A steel plate 
48 inches long, 4 inches wide and % inch thick was used as the heat 
conductor. One end was bent down at right angles for 10 inches for 
immersion into the cooling medium, and a wooden box, 4 inches square, 
inside measurements, and 30 inches long was fitted around the plate, 
one end as close to the angle as possible, leaving 8 inches at the other 
end of the plate exposed to room temperature. A glass plate rested on 
cleats % inch above the conducting metal, which enclosed a space 
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approximately 30x4x % inches, into which the grylloblattids were 
introduced. A single layer of muslin stretched tightly over the metal 
floor separated them from the conductor. Another glass plate was fitted 
into the top of the box. This provided a dead air space of approximately 
3% inches and allowed clear vision into the chamber below. Holes 
were bored into the lower chamber through the side of the wooden box 
at 3 inch intervals for the insertion of temperature recording instruments. 


P Heat Prostration 
26 Quiescence 


Paralysis 


OG Increased Activity 





> @® 


DEGREES 
a 


-6 SO Increased Activity 
Cold Prostration 


TIME IN TWO MINUTE INTERVALS 


Text Fic. 1. Graph showing range and limits of activity in 
changing temperatures, Centigrade. 


The holes were: plugged when not in use, and the whole apparatus 
hooded during the experiments to exclude light. The experiments were 
subject to error because of the fact that with the available cooling 
equipment the machine was either cooling or warming constantly. 
Further, the optimum band was so narrow it was necessary to interpolate 
temperatures. The temperatures were taken with a thermocouple and 
potentiometer. The insects were liberated in the warm end of the box. 
The usual procedure was for them to make their way rapidly into the 
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cooled end, turn, and slowly approach the optimum region. After a 
few minor movements they usually came to rest and temperatures were 
taken on either side of this point. 

The cooling of specimens below zero was accomplished by intro- 
ducing them into a stender dish which was placed in a glass-topped cold 
box. A thermocouple was inserted into the stender dish and temper- 
atures were recorded without opening the box. Heating experiments 
were similarly prosecuted, a water bath being substituted for the cold 
box. Temperature readings were taken at two-minute intervals except 
when nearing the points of prostration. At these extremes of the scale 
the intervals were reduced to one minute, and the final reading was 
taken at prostration regardless of time. 

The reactions of all of the insects to temperature change were 
remarkably constant and uniform, excepting the optimum temperature 
experiments, as may be seen in the column showing greatest deviation 
from the mean in the following table. 

Starting from the optimum temperature of 3.7° C. we find upon 
cooling grylloblattids that there is a reduction in activity at 0.1° C. 
This lethargy continues to —5.6° C. at which point activity increased 
for a short time, prostration ensuing at —6.2° C. The insect apparently 
goes into no dormant state before prostration. In this final stage the 
legs become somewhat rigid, the apex of the abdomen bends upward, 
and the insect falls over on its side. 

In traveling up the temperature scale from 3.7° C. the first change 
noted is an increase in activity at 15.5° C. Partial paralysis of the legs 
occur at 24.9° C., quiescence at 26.4° C., and final prostration at 27.8° C. 
In this stage the legs are usually spread, the ventral surface of the body 
is pressed against the dish and the whole insect is extremely limp. 


Table Showing Changes in Activity of Grylloblatta campodeiformis Walker 
When Subjected to Changes in Temperature 


bo 
J 


mm bo 
bo > NI G1 im 30 
° 
Q 


Heat Prostration 
Quiescence 
Paralysis 

Increased Activity 
Optimum 

Reduced Activity... 
Increased Activity 
Cold Prostration 


The greatest deviation from the mean of any single individual 
is shown in the = column. 
Temperatures at which normal activity occurs lie between 


+0.1° C. and +15.5° C, 


tHKhHethh hE 
CPM Pmme- 
00 & 00 NI or im 0 


If we compare the above figures with those given for some orthopter- 
ous insects’ the differences are striking. Melanoplus is dormant at 
approximately 1.0° C., normal at 26° C., and shows heat prostration at 
about 54° C. Spharagemon is dormant at about 8° C., normal at 26° C., 
and prostrated at 55° C. The same points for Gryllus are 14° C., 22° C., 
and 49° C. 


3Chapman, Mickel, Parker, Miller, and Kelly. Ecology, Vol. VII, No. 4, 
pp. 416-426, October, 1926. 
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SUMMARY 


During the autumn of 1936 Grylloblatta campodeiformis 
Walker was first discovered in the vicinity of Bozeman, Mon- 
tana. It was collected at isolated stations in Gallatin County 
from beneath rocks, logs, and other debris on the ground, at 
elevations varying from 5400 to 8600 feet. This insect is largely 
solitary. It is a voracious feeder, in captivity, eating flies, 
bread crumbs and decaying vegetable matter. The optimum 
temperature, or that at which it came to rest when given its 
choice, was 3.7° C. Normal activity occurred at from 0.1° C. to 
15.7° C. It succumbed to cold prostration at —6.2° C., and 
heat prostration at 27.8° C. All of these points are lower than 
in the case of most common insects. 


CONCLUSIONS 

It is seen that G. campodeiformis has rather definite and lim- 
ited temperature requirements, and that these requirements 
are lower than for most insects. It might be inferred from the 
fact that there is apparently no dormant period before cold 
prostration that winter dormancy does not occur, but that this 
insect seeks a temperature which is agreeable to it throughout 
the year. This we know is true of many soil inhabiting animals. 

Possibly the difficulty which has been encountered in col- 
lecting grylloblattids in the past has been due to the fact that 
temperature and humidity requirements are correct for their 
appearance in available areas only at certain seasons. At the 
lower elevations of its range this time would be limited to 
periods in the spring and in the fall. At the higher elevations of 
its range these two points would tend to coincide. 

It is also possible that this insect, previously considered 
uncommon, may be rather common throughout at least the 
northern Rocky Mountains, and that careful and systematic col- 
lecting will remove it from the group of rare species. 


EXPLANATION OF PLATE 


Habitat of Grylloblatta campodeiformis Walker. Gallatin Canyon, fifty miles 
south of Bozeman, Montana, 6,000 ft. elevation. All specimens were found under 
rocks or logs at the foot of rock slides from the base to approximately fifty 
vards out. 
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TIME REQUIRED FOR FOOD PASSAGE THROUGH 
THE ALIMENTARY TRACT OF THE COCKROACH, 
PERIPLANETA AMERICANA LINN. 


B. THOMAS SNIPES AND OscaR E. TAUBER, 


Department of Zoology and Entomology, 
Iowa State College, 
Ames, Iowa 


Mechanical movements of parts of the alimentary tract 
have been described for a semi-tropical roach, Periplaneta 
fuliginosa (6), but no extensive studies in time requirements for 
passage of food through the gut of any roach, or other insect, 
seem to be available. Velocity records of food movement 
through, and waste egestion from, the digestive canal of a typ- 
ical, comparatively unspecialized insect in normal digestion 
should be of interest in providing a basis for comparison with 
time requirements for food passage after feeding stomach 
poisons. It may be that certain combinations of food types and 
stomach poisons may result in faster or slower passage of 
ingested mixtures. Such control of movement of poisoned food 
would be valuable to insect toxicologists. It may be, too, that 
mixing certain poisons with some particular class of food-stuffs 
will result in more effective insecticides. This paper reports 
results from investigations on passage and egestion times of one 
type of food when fed to the American cockroach, Pertplaneta 
americana. Other experiments are in progress. The roach was 
selected because of its size, its ease in handling, its adaptability 
to laboratory conditions, its phylogenetic position, and its 
omnivorous food habits. 


ANIMALS AND FOOD 


Adult roaches and nymphs in last instar were used. Specimens were 
trapped in rooms used for keeping experimental animals such as rabbits, 
guinea pigs, rats, and mice. An examination of gut contents showed 
that these roaches had been feeding on the fecal pellets of the caged 
animals as well as on grains, bran, and vegetables supplied to the above 
mammals. 

Captured insects were placed in stock cages and fed banana, a food 
which has proved satisfactory for them. In the actual experimental 
tests, food consisted of banana paste slightly sweetened withcanesugar. To 
identify this ingested material in the gut and fecal pellets, a small 
amount of solid dye was mixed into the paste. Carmine, congo red, and 
ultramarine blue were found best for this purpose. 
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METHODS 


All experimental animals were deprived of food, but not water, for 
48 hours before beginning tests. This starvation was to insure ingestion 
of sufficient amount of prepared food to be identifiable. It is improbable 
that short periods without food produce any deleterious effects. Pre- 
vious tests had shown that individuals of this species can live at least 
200 hours on water alone without appreciable loss of body weight, and 
remnants of test meals were found as far forward as the crop four days 
after feeding. Hungry roaches were fed in individual 25 x 50 mm. glass 
vials. Time of ingestion of first food particles was recorded. All animals 
were then allowed access to test food for at least one hour. 

Individuals used for measurement of time from first ingestion of 
test food to first elimination of dyed waste (designated as egestion time) 
were then placed in separate cages of copper screen-wire. These cages 
are cylindrical, 5 inches high, and 1% inches in diameter. The top is 
closed by a cork through which extends a glass “J’’ watering tube, 
flared at the lower end to form a cup. This tube provides water for the 
confined specimen during the time of observation. The lower end of the 
cage fits over a screen with 14 inch openings. This mesh prevents escape 
of the roach, but allows relatively unobstructed transit of fecal pellets 
to the collecting mechanism below the cage. Other details of cage 
construction and pellet collecting mechanisms are available elsewhere (2). 
For the experiments described here, a series of cages was arranged above 
a circular, revolving disk of pressed board on which were marked radii 
to calibrate the surface in hours and minutes. This disk was powered 
by an ordinary kymograph clockworks set at its slowest speed. Time of 
passage of a pellet could be determined with a possible error of +12 
minutes. This error is due to the width of the cage, any part of which 
the roach is free to occupy. Droppings were broken up in a mortar and 
examined microscopically for traces of the dye. 

To determine progress rate of food through the gut, test animals 
were treated and fed as described above; then individuals were selected, 
killed, and dissected at various intervals after first ingestion. In most 
cases simple exposure of the canal indicated the position of the colored 
meal. To avoid error from superficial examinations or from masking of 
color by some other substance, the contents of the different gut regions 
were removed and examined microscopically. 

All tests were conducted at laboratory temperature which fluctuated 
from 20° to 28° C. 


RESULTS 


Table I gives results from four groups of 25 animals each, 
divided as male adults, female adults, male nymphs in last 
instar, and female nymphs in last instar. Mean egestion times 
for these samples, are respectively, 19.6 + 1.3, 21.4 =1.1, 19.6 +1.2, 
and 21.7+1.3 hours. Average egestion time for the entire 
population of 100 roaches is 20.6 =6.2 hours, with a range from 
9.1 to 33.4 hours. Statistical analysis of data gives no evidence 
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of variation attributable either to sex or to age, the latter lim- 
ited to adults and large nymphs. No significant differences 
between sexes of the same stage or between stages of similar 
sex are found in analyses of the mean egestion records. 


TABLE I. Hours For EGESTION TIME IN THE AMERICAN ROACH 




















o Adults 9 Adults o& Nymphs 9 Nymphs 
No. of |Egestion} No. of |Egestion| No. of |Egestion| No. of |Egestion 
Animal | Time Animal Time Animal Time Animal Time 

nO 9.1 19 10.3 80 9.3 73 10.8 

49 | 10.2 9 11.6 114 9.5 75 11.5 

79 =| = 10.5 66c 11.7 126 11.6 91b 11.9 

28 |= 11.5 6lc 15.5 80 11.8 60b 13.0 

50 | 12.9 98 17.2 65 13.4 8lb 13.4 

59 «|= «14.3 25b 17.9 123 13.7 97b 15.1 

46 | 15.1 13 | 18.5 107 15.2 109b 15.2 

18 -| 16.2 8 | 19.3 71b 16.8 100 15.3 

42 16.5 21 20.0 83 17.5 62b 20.0 

l 17.9 58 20.3 53 17.8 73b 21.8 
33 18.1 32 20.3 71 18.3 62 22.4 
3 18.4 111 20.5 127 18.8 47 23.3 
2 18.9 72b 21.0 129 19.1 113 23.3 
36 18.9 69b 21.3 128 19.6 89b 24.6 
7 19.6 124 21.7 54b 20.2 47b 25.0 

27 21.0 118 ps 132 20.9 75b 25.0 

64 | 22.7 61 23.9 120 21.2 89 25.8 

10 23.0 125 24.8 54 23.5 57 25.9 

14 24.2 68 26.0 93 24.2 60 26.0 

35b 24.3 66b 26.8 65b 24.8 113b 26.3 

133 25.8 68b 27.7 115 24.9 37 26.9 

24b 26.2 27b 28.3 41 27.8 34b 27.6 

15 29.9 25 28.3 130 29.1 81 27.7 

79b 31.3 117 28.9 86 30.4 63 31.0 

30 33.3 61b 30.2 96 31.0 97 33.4 

Mean = e*| 19.6+1.3 21.4+1.1 19.6+1.2 21.7+1.3 


























Mean egestion time for total population = 20.6 + 6.17 hrs. 
Mean egestion time for all males  e = 19.6 = .923 hrs. 
Mean egestion time for all females  e = 21.5 = .846 hrs. 
Mean egestion time for all adults  e = 20.5 + .851 hrs. 
Mean egestion time for all nymphs + e = 20.7 = .893 hrs. 
Range of egestion times = 9.1 to 33.4 hrs. 

e = standard deviation of mean. 


. 

Some preliminary records obtained by testing the same indi- 
vidual twice seem to indicate some variable internal factors 
which influence speed of food passage. A single specimen with 
a certain egestion time at first trial may have either a longer 


or shorter egestion time on second test. This is shown in 
Table 2 
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Figure 1 schematically illustrates average rate of food move- 
ment through various gut regions. Semi-solid material of the 
type tested is rapidly passed through the fore-gut, although 
remnants of dyed food have been found in the crop as long as 
100 hours after ingestion. Within half an hour after feeding, the 
banana paste passes through the esophagus, crop, and pro- 
ventriculus and enters the mid-gut. In most cases minute 
amounts of food could be discerned in the lumen of the caeca. 


TABLE II. VARIATIONS IN INDIVIDUAL EGESTION TIMES 


No. of EGESTION TIME 




















Ateont Sex Stage ; 
Ist Test 2nd Test Average 
8 9 Adult 19.3 25.9 22.6 
24 a Adult 14.5 26.2 20.4 
25 y Adult 28.3 17.9 23.1 
35 or Adult 22.8 24.3 23.6 
46 a Adult 15.1 17.9 16.5 
54 rou Nymph 22.5 20.2 21.4 
57 Q Nymph 25.9 11.8 18.9 
60 Q Nymph 26.0 13.0 19.5 
61 9 Adult 23.9 30.2 37.1 
62 9 Nymph 22.4 20.0 21.2 
64 a Adult 22.7 25.0 23.9 
65 a Nymph 13.4 24.8 19.1 
66 9 Adult 25.8 26.8 26.3 
67 2 Adult 28.8 28.3 28.6 
68 9 Adult 26.0 27.7 26.9 
72 9 Adult 9.5 21.0 15.3 
76 o Adult 31.6 11.5 21.6 
79 a Adult 10.9 31.3 21.1 
81 9 Nymph 27.7 13.4 20.6 
97 9 Nymph 33.4 15.1 24.3 
Average 22.6 3.1 22.1 








Progress through the ventriculus is slower. Passage through 
this relatively constricted tube may take an additional 2 or 2% 
hours. Movement along the anterior portion is more rapid than 
in the posterior section. No dyed food was seen in the Mal- 
pighian tubules. 

Food usually reaches the intestine by the third hour. Some 
individual variations were found to occur in velocity of passage 
through this part. In the majority of observations dyed 
material reaches the intestino-rectal constriction by the Sth 
hour, but variations from 7 to 914 hours were encountered. In 
general, the chyme-like mass remains in the intestine for about 
51% to 6 hours. 
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Under normal circumstances undigestible residue remains in 
the rectum for 10 or 12 hours. However, if the roach is unduly 
disturbed or frightened, rectal contents may be expelled in a 
semi-solid state at any time. Under other conditions individ- 
uals may retain the residuum in the rectum for as long as 20 
hours and deposit the excreta as hard, dry pellets. 
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Es. Cr Pr. Ca. v mt. L R. 

1 )pEe. beige ds 

i ' I 1 ' tt . 

! meeeeert es 

' ' | ' ' ; i ' , ' ' 

0 os i 2 3 ot 5 6 78 15 20 
HOURS 


Fic. 1. Schematic diagram to illustrate average progress of a described test- 
meal through the alimentary tract of the American cockroach, Periplaneta 
americana. Es.=esophagus; Cr.=crop; Pr.=proventriculus; Ca.=gastric 
caeca; V.=ventriculus; M. t.=malpighian tubes; I.=intestine; R.=rectum. 


DISCUSSION 

So far as the results from the described experiments indicate, 
there is no significant difference in egestion times from adults 
and large nymphs or from males and females of Periplaneta 
americana. Statistical analyses show these groups to be similar 
but not identical. It may be that larger samples than 25 indi- 
viduals per group will demonstrate a significant difference, but 
this is not likely since analyses of variation show striking 
homogeneity of the tested population. 

At present writing, it is not known what factors are respon- 
sible for variations of egestion time in the entire group and in 
individuals. From the few data collected it would seem that 
such physiological processes as ecdysis and oviposition have 
little or no effect on the rate of food passage. In mammals, 
passage through the digestive canal is influenced by such 
conditions as chemical and physical characteristics of food, 
class of food-stuffs, degree of fullness of the tract, general tonus 
of intestinal muscle, activity of the animal, secretion of adren- 
alin, nervous state and temperament of the individual, and by 
drugs which slow or accelerate peristalsis (1, p. 799). Although 
it is sometimes unwarrantable to make comparisons between 
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classes so far separated as Mammalia and Insecta, it is possible 
that some of the enumerated conditions affect insects as well 
as mammals. 

Rapid passage of the test meal through the fore-gut is sur- 
prising in view of Wigglesworth’s statements regarding Blatella 
germanica and Periplaneta americana. He writes, ‘‘ Digestion of 
the cockroach takes place mainly in the crop, the digestive 
juices coming from the salivary glands and the mid-gut.”’ (3); 
and, elsewhere, ‘‘The greater part, if not the whole, of digestion 
takes place in the crop, the enzymes passing backwards from the 
salivary glands and forwards from the mid-gut.”’ (4). However, 
the semi-solidity of food tested in experiments reported in this 
paper probably explains the rapid passage through the proven- 
triculus since little or no gizzard trituration is necessary before 
entering the ventriculus. With coarse or dry food, passage time 
through the crop probably increases because of slower exit by 
way of the proventriculus. 

Passage of the soft test meal along the mid-gut is consid- 
erably slower than through the fore-gut. This is to be expected 
as most absorption of end-products of digestion occurs here 
(5, p. 5d). 

On entering the hind-gut, rate of progress of the chyme is 
nearly equal to that found in the mid-gut, although the rate 
decreases as alimentary tract contents approach the posterior 
end of the intestine. In many insects, including roaches, the 
hind-gut serves to absorb considerable water from semi-fluid 
material in the lumen (5, p. 55). The constriction at the junc- 
tion of intestine and rectum seems to retard movement of the 
tract residue in that region, but as this indigestible part comes 
into the rectum, it still has a high water content. Since this is 
the case, and since the excrement is normally a dry cylindrical 
pellet, much water must be absorbed by the rectal glands and 
the rectal epithelium. This absorption mechanism is found in 
other insects (5, p. 65). In the American roach, food residues 
usually remain in the rectum as long as, or longer than, the 
time taken to pass along the entire anterior gut sections. This 
long period gives ample time for absorption of fluid. Not all 
intestinal and rectal fluid may have its origin in ingested food 
or liquid. Some hind-gut water is believed to enter by reabsorp- 
tion of fluid from hemocoelic body fluid by Malpighian tubules. 
This reabsorbed liquid serves to wash Malpighian wastes into 
the gut for subsequent elimination in the feces. 
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From a comparative standpoint, the velocities of passage of 
intestinal contents in man and in this insect are similar. In 
man, food material begins to leave the stomach very soon after 
it has been swallowed (1, p. 798); in the roach, ingested food 
passes rapidly (less than half an hour) through the fore-gut. In 
the human being, chyme passes rapidly through duodenum and 
jejunum and moves progressively slower in the ileum as the 
ileocaecal valve is approached (1, p. 798); in the insect, move- 
ment through mid-gut is rapid and progress is slower as the 
anterior rectal opening is reached. In man, the colon normally 
retains its contents about 12 to 14 hours and evacuation occurs 
from 16 to 24 hours after a meal has entered the stomach (1, p. 
798); in the roach, the residuum remains in the rectum for 
about 10 or 12 hours and defecation takes place about 21 hours 
after ingestion. In man, many factors influence rate of progress 
of food along the intestine. Among these variables are included 
physical and chemical characters of the food, and the state of 
fullness of the alimentary canal. Experiments are now in prog- 
ress to determine the effect of some of these factors on food 
passage time in the roach. Results will be published in sub- 
sequent papers. 


SUMMARY AND CONCLUSIONS 


1. Egestion time (period from first intake of food until elim- 
ination of a test meal fecal pellet) was determined on 100 spec- 
imens of the American cockroach, Periplaneta americana. These 
insects were divided into four groups of 25 each, separated as 
male adults, female adults, male nymphs in last instar, and 
female nymphs in last instar. Test food was banana paste 
slightly sweetened with cane sugar and colored with carmine, 
congo red or ultramarine blue. Egestion time for the 100 roaches 
averaged 20.6 +6.2 hours, with a range from 9.1 to 33.4 hours. 
(See Table I). Results from the four groups were very similar 
but not identical and statistical tests give no indication of sig- 
nificant differences due to sex or age of the samples tested. 

2. Preliminary tests of two egestion times obtained from 
the same individuals seem to indicate that variable internal 
factors influence passage time. A consistently slow or fast 
egestion time appears not to be an individual characteristic. 
(See Table II). Several conditions which might change egestion 
time are enumerated. 

3. Rate of food passage through the alimentary tract was 
determined by dissection of 50 adults and large nymphs at cer- 
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tain periods after ingestion of the colored test meal. Within half 
an hour food passes through the esophagus, crop, and proven- 
triculus. Small particles of food may enter the gastric caeca. 
On the average, chyme reaches the intestine by the third hour, 
and by the eighth hour comes to the intestino-rectal constric- 
tion. Progress along the ventriculus and anterior section of 
intestine is at a fairly constant rate, but slowing occurs during 
movement through the posterior part of the intestine. Nor- 
mally about half (10 to 12 hours) the entire food movement 
time is passed in the rectum. (See Figure 1.) 

4. In spite of rapid passage through the crop by the greater 
part of a meal, traces of test food have been found in this organ 
as long as 100 hours after ingestion. 

5. Residual material reaching the rectum is quite fluid; 
egested fecal pellets are normally rather dry and hard. Glands 
and epithelium of the rectum evidently absorb much fluid 
before defecation. 

6. Rapid movement through the anterior part of the tract 
is unexpected since most digestion in the roach is believed to 
take place in the crop. The softness of the test meal probably 
eliminated any necessary ‘‘grinding’’ by the proventriculus and 
may be responsible for high initial velocity of passage time for 
the food used. 

7. Average egestion time (20.6 hours) for the insect tested 
is similar in duration to elimination time (16 to 24 hours) in 
man. Also, the rate through the anterior part of the insect gut 
is faster than the velocity through the posterior sections of the 
tract; the same relative speeds occur in the alimentary tract of 
man. There is additional similarity in absorption of fluid by 
the intestinal and rectal regions. Comparison of these relation- 
ships are not meant to infer that the areas of relative speeds are 
physiologically identical in man and insect. 
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THE BIONOMICS OF CHAETOPHLEPS SETOSA 
COQUILLETT 


(Diptera: Tachinidae)! 


J. EVERETT Bussart, 
Biology Department, Wheaton Community High School, 
Wheaton, Illinois 


Chaetophleps setosa Coq. is a well known internal parasite of 
the striped cucumber beetle, Diabrotica vittata Fabr. This 
tachinid was first described by Coquillett (1895) under its 
present generic and specific name from one pair of adult flies 
captured in Maryland. Walton (1914) redescribed it, gave it the 
name ferox and assigned it to Neocelatoria. This description is 
accompanied by a figure of the wing. According to Dr. J. M. 
Aldrich, the presence of spines on the first radial vein (R:) is the 
best character by which members of the genus Chaetophleps can 
be recognized. Walton’s figure shows such spines on the first 
vein, indicating that his species belongs to Chaetophleps. When 
Dr. Aldrich later called his attention to this probability, Walton 
(1914a) concluded that Neocelatoria ferox is a synonym of 
Chaetophleps setosa. 

The fly to which Walton applied the name Neocelatoria ferox 
was reared from a beetle he found parasitized in the field. This 
was the first published reference to the parasitic nature of this 
Tachinid. It was first recognized as an important enemy of the 
striped cucumber beetle by Houser and Balduf (1925). 

Chaetophleps setosa appears to be widely spread over most of 
the northern states. Published records show that it occurs in 
several states from Maine to Oregon. Celatoria diabroticae 
Shimer, a closely related Tachinid parasite attacking the striped 
cucumber beetle, is also reported distributed over the United 
States. This species can be distinguished from Chaetophleps 
setosa by the absence of spines on the first radial vein. C. dia- 
broticae is listed by most writers as more widely spread than 
Chaetophleps setosa, probably owing to the fact that the name 
was used in the literature much earlier. Almost all the flies 


1The author wishes to express here his gratitude to Professor W. V. Balduf, 
of the University of Illinois, for help and suggestions during the progress of this 
investigation. The reared parasites treated in this paper were determined by 
Dr. J. M. Aldrich and J. R. Malloch, of the United States National Museum. 
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reared in Illinois checked with the description of Chaetophleps 
setosa and were so determined by Mr. J. R. Malloch. It there- 
fore seemed possible to the writer that setosa and diabroticae 
were one species, until one individual of Celatoria was reared in 
Illinois. Approximately 12,000 beetles were collected from the 
vicinity of Urbana, Paris, Chicago and Mount Carroll in I[I]linois, 
and all of the approximately 800 flies reared from this collection 
were found to be Chaetophleps setosa, excepting the above indi- 
vidual. The latter was obtained from a lot of about 500 beetles 
taken near Mount Carroll, Ill., on Sept. 8, 1934. Mount Carroll 
was the home of Dr. Shimer, who in 1871 described C. dia- 
broticae from five flies reared from D. vittata collected near his 
home on July 7, 1870. 


HOSTS OF CHAETOPHLEPS SETOSA 


The striped cucumber beetle is the preferred host of this fly in the 
United States. This was shown by the dissection of other beetles found 
near cucurbit plants, namely: Diabrotica duodecempunctata Fabr., 
Diabrotica longicornis Say, Ceratomegilla fuscilabris Muls., Hippodamia 
convergens Guer., Hippodamia parenthesis Say, Hippodamia glacialis 
Fabr., Coccinella novemnotata Hbst., Lema trilineata Oliv., Crioceris 
asparagi Linn., and Crioceris 12-punctata Linn. Besides D. vittata the 
only other beetle found to be parasitised was D. duodecempunctata. On 
July 5, 1934, fourteen individuals of this species were collected from 
cucumber plants, from which two adult female Chaetophleps setosa were 
reared. This is the first recorded parasitism of this species by Chaeto- 
phleps. This beetle is often present on cucumber plants infested by 
Diabrotica vittata. Individuals taken in corn fields were not parasitized 
by this fly. These facts suggest that Chaetophleps is limited to plantings 
of Cucurbitaceae, on which D. vittata, its preferred host lives. 


HABITS OF ADULT FLIES 


In most cases the flies were found crawling nervously about on 
cucumber leaves near which beetles were found, or darting from plant 
to plant in apparent search of their hosts. During the middle part of the 
day, they are usually resting on the under side of the leaves. The period 
of greatest activity was found to be from five to six o’clock in the after- 
noon during the summer. This is due partly to the decrease in intense 
sunlight and the resulting decline in temperature and to their search for 
beetles, which also fly freely at this time. The adult flies are probably 
nectar eaters, as they were twice collected from cucurbit flowers. 

Copulation.—Most cases of copulation were observed in the morning 
in adults which emerged from puparia during the previous night. Mat- 
ing flies were at least 2 or 3 hours old, since newly emerged adults are 
light colored during the first few hours of their life, and all flies observed 
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mating had become dark. The period of copulation observed in cages 
varied from 20 seconds to 17 minutes. One pair found in the field on the 
upper surface of a cucumber leaf remained in copulation approximately 
40 seconds. 

Egg (Plate II, Fig. 6).—-The eggs are 0.5 mm. long and average 0.12 
mm. in diameter. They are ovoid in form, with the surface smooth and 
whitish in color. 

Incubation.—The eggs are apparently fertilized as they pass by the 
apertures of the spermathecae, which open into the vagina just below 
the point of union of the oviducts. The time required for embryonic 
development is somewhat uncertain owing to failure of attempts to have 
flies larviposit in captivity. However the period of incubation seems to 
vary from four to six days. This was determined by taking the differ- 
ence between the time for the development of the parasite from the 
time of larviposition to the adult stage, and the length of time for one 
complete generation. 

Larviposition.—All evidence indicates that Chaetophleps is ovovivi- 
parous. The fact that eggs were never found in the striped cucumber 
beetles dissected, and the presence of only larvae in the lower part of 
the vagina of gravid female flies, seem to indicate that this parasite 
transmits her offspring exclusively as newly-hatched larvae. The eggs 
hatch in the vagina and the young larvae are injected into the host by 
means of a larvipositor (Plate I, Fig. 4) which consists of two originally 
paired sclerotized appendages. In the anterior appendage, the two 
valvulae are firmly united at the base but somewhat separable in the 
apical half, forming a V-shaped organ. In the posterior appendage, the 
valvulae have become intimately united to form a single inseparable 
structure, which rests in a V-shaped groove of the anterior valvulae 
when not in use. A membrane connects the two sets of valves and 
serves as a guide for the larvae during their deposition. 

The internal organs for reproduction were found to consist of ovaries, 
oviducts, vagina, and larvipositor. The ovaries consist of approximately 
12 ovarioles, each containing a series of 6 to 9 eggs. Eggs were found also 
in the oviducts. The vagina in gravid females forms a long intestine-like 
organ. It contains eggs in the part adjacent to the oviducts, while the 
lower part connecting with the larvipositor, contains developing larvae. 
arranged transversely and in contact laterally. As the larvae approach 
nearer the larvipositor, they turn so the head end will emerge first when 
transmitted to the host. The largest number of larvae ever found by 
the writer in the vagina of one fly was seventeen. 

Larval Instars.—There seem to be three instars in the larval stage in 
Tachinidae and this was the number found by the writer in C. setosa. 

The structures which indicate separate larval instars in this species 
are: first, the length of the body; second, the number and arrangement 
of spines on the external surface of the cuticula; and third, the shape and 
structure of the mouth parts (Plate II, Figs. 13, 14, 15 and 16). All of 
these were used in the study and description of Chaetophleps and are 
embodied in the key, below, for identification of the instars. 
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INSTARS OF LARVAL CHAETOPHLEPS SETOSA 


1. Spines arranged in a single row on body segments 2-10; cephalo-pharyngeal 

skeleton not divided into sclerites; length of body not over 1.1 mm., 
First Instar 

1’. Spines not arranged in a single row on body segments 2-10; cephalo- 

pharyngeal skeleton divided into three articulated sclerites; length of 
poay over 1.PaimM..........56.06 PE re oe ; Sashes ae 

2. Spines of tenth body segment arranged in rows; cephalo-pharyngeal 

skeleton not over 0.3 mm. in length; length of body not over 2.5 mm., 
Second Instar 

2’. Spines of tenth and other body segments not arranged in rows, but scattered 

promiscuously; cephalo-pharyngeal skeleton over 0.35 mm.; length of 
PT NN MIN io sig yx ore ne 9 5h sian ee Kees ekGwsskac wun ose ae wNed Third Instar 


How the Beetles Are Parasitized—The adult Chaetophleps appears to 
attack the host beetle for larviposition only when the latter is in flight 
from plant to plant. The process of parasitizing the host seems to be 
accomplished between the time the beetle raises the elytra and again 
brings them to rest on the back. Thus the fly is enabled to penetrate the 
exposed vulnerable dorsal wall of the abdomen. Since the contact of the 
fly with the beetle is very brief, careful observation of all the details of 
the process has not been possible. However, in most cases, the fly clings 
to the head and prothorax of the beetle so that the free end of her 
abdomen may be thrust downward and forward, permitting free move- 
ment of the larvipositor, which enters the abdomen and extends forward 
into the thorax. 

The small larvae are, in most cases, found in the cavity of the meso- 
thorax and metathorax of the beetle. The larvae seldom occur in the 
abdomen until they are too large to occupy the thoracic cavity. This 
seems to indicate that the larvae are placed in the thorax by the for- 
ward-curved larvipositor, after it punctures the unprotected dorsum of 
the abdomen. 


LARVAL HABITS 


The larvae of Chaetophleps pass almost their entire life within the 
body of the host. The only time they are not found in the beetle is 
while they are passing down the vagina of the female fly before being 
deposited, and after their emergence from the host while transforming 
to puparia. The larva of the first instar remain for some time unat- 
tached in the interior of the host, and are thus free to move about in the 
adipose tissue of the thoracic and anterior abdominal region of the beetle. 
However, after making some growth, they attach themselves to the 
interior surface of the dorsum of the host by means of the tracheal 
funnel. This funnel (Plate II, Fig. 12) is a cone-shaped structure formed 
from the host tissue around the posterior end of the larva and consti- 
tutes a means by which the larva obtains oxygen through the body wall 
of the host. Soon after becoming provided with the tracheal funnel, the 
larva molts into the second instar. The exuviae of the first and second 
instars were found pushed back upon the funnel, where, together with 
the mouth parts, they are readily seen when the larvae are dissected out 
of the host. The funnel is not borne throughout the third instar, being 
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absent on fully developed larvae. In most cases, the funnel is attached 
to the inside of the dorsum of the first or second segment of the host’s 
abdomen at the conjunctivae. 

The head end of the larva in the first and second instars may be 
directed toward either end of the beetle, but in the third instar all the 
larvae lie with the head toward the anterior end of the host. In some 
cases the head of the third instar larva reaches almost into the head of 
the host. 

The young larvae apparently feed on the fat body of the host, as 
they are usually found embedded in this tissue. In most cases where 
the larvae are full grown, the digestive tract of the host is fully collapsed 
on the ventral surface of the body cavity, almost making the abdomen 
and thorax resemble an empty shell. This condition occurred only in 
beetles inhabited by larvae that were ready to emerge for pupation. 

In general, only one parasite was found in a beetle, although in a few 
cases two were present. In most cases of dual parasitism the larvae 
were different in size, which indicates they were not both inserted by 
the same fly at one time. Moreover, such cases usually resulted in the 
death of one or both of the larvae and may prove that one beetle contains 
a quantity of food necessary to sustain only one larva to maturity. The 
size of the body cavitv is large enough to accommodate only one larva of 
normal mature size. Whether or not two parasites can emerge from a 
single host and develop to adults is a question, but occasionally a fly is 
found that is much smaller than the average, which may perhaps be 
traceable to dual parasitism. The largest number of larvae ever found 
in one host was seven, six of the first instar and one of the second. Three 
of the six in the first instar were dead. The next largest number found 
in one host was three, all of which were in the first instar. The female fly 
presumably deposits but one larva in a beetle at one time; thus the 
presence of two or more larvae signifies two or more attacks upon the 
host by the same or different flies. 

Duration of the Larval Instars——The duration of the larval instars 
was determined entirely by dissection of the hosts. The instar of the 
maggots found to be most abundant at each periodical dissection was 
noted. In this manner, the growth of the larvae throughout the year 
was observed, and from these observations the length of the larval 
instars and the number of generations a year was determined with more 
or less accuracy. 

After the larva is inserted into the host, the first instar lasts for 2 or 3 
days, whereupon it goes into the second instar. It is only during these 
2 or 3 days that larvae in the first instar can be found in great numbers. 
The second instar requires 8 to 12 days, during which period the larva 
grows to about double its size and then sheds its skin to become a spiny, 
third-instar larva. This last instar has a duration of 8 to 12 days. The 
larva then emerges from the beetle and soon forms the puparium. 


Emergence from the Host.—The larva, when mature, breaks out of 
the beetle at the juncture of the thorax and abdomen, leaving the host 
disrupted. In many cases, the head and thorax of the beetle were com- 
pletely broken from the abdomen. The wings of the beetle are usually 
spread out laterally. Many instances were found in which the larva 
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had emerged incompletely, forming the puparium partly within the 
abdominal cavity of the beetle. 

In many cases the beetles die before the emergence of the larva. If 
the larva is mature at the time of the host’s death, it will still emerge 
successfully. Not infrequently these larvae emerge as long as 24 to 30 
hours after the death of the host. However, if the larva is not mature, it 
dies soon after the death of the host. 


PUPATION 


After emerging from the beetle, the larvae crawl around on the sur- 
face of the ground searching for a place for pupation. Many crawl under 
the edge of a clod or beneath the leaves of the cucurbit plants that are 
near the ground. They frequently pupate very near the beetle which 
they killed, and many pupate exposed on the soil surface. 

The transition to the puparium stage begins soon after issuance from 
the beetle and is completed within one or two hours thereafter. In 
forming the puparium, the larva becomes quiet and its body slowly 
assumes a rounded form, which tapers slightly toward the anterior end. 
The outer protective covering is formed by the contraction and harden- 
ing of the integument of the third larval skin. The spiny vestiture of the 
third instar larva is retained on the puparium. This dark brown case 
covered with the many black spines probably affords protection. 


The Duration of the Pupal Stage-—The period spent by Chaetophleps 
in the puparium is from 5 to 7 days during the hot summer months, 
most of the adults emerging on the sixth day. The duration of this stage 
increases with the coming of cooler weather, requiring 10 to 13 days 
during September. The longest pupal period observed was 20 days, in 
October. 


THE ADULT PARASITE 


Emergence of the Adult Parasite——Like other flies of the suborder 
Cyclorrhapha, Chaetophleps setosa escapes from the pupal case through 
a circular, terminal cephalic lid that is pushed off or aside by the dila- 
tion of the ptilinum, which is a large, straw-colored, bladder-like organ 
in this species. The ptilinum may be readily observed in emerging or 
newly emerged adults, but is retracted into the head soon thereafter. 

At the time of emergence, the body of the adult fly is almost white, 
but becomes black within one or two hours. At first the wings are 
folded, but they spread out to normal shape within about ten minutes. 
However, in about 2 per cent of all flies reared, the wings remained 
twisted or crumpled, making the adult fly incapable of flight. 

Hibernation.—Chaetophleps setosa hibernates as a larva embedded in 
the adipose tissue of the beetle. It is usually found in the thorax, but 
may also occur in the anterior part of the abdominal cavity. Dissection 
of beetles collected at Urbana, Illinois, on Dec. 28, 1932, at Paris, IIli- 
nois, on October 5, 1933, and in other localities as late as November 1, 
showed that Chaetophleps wintered in all cases in the second larval 
instar. 
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Percentage of Parasitism in Diabrotica vittata—The average percent 
of parasitism of the striped cucumber beetle during the years 1932, 1933, 
and 1934, as shown by dissection, was 18.71. The highest percent found 
was 58.6, in beetles collected on June 20, 1933, from cucumbers growing 
in a greenhouse in Urbana, Illinois. The sides of the greenhouse were 
open for ventilation, which allowed the beetles to enter easily. The 
plants were grown earlier than in the field, this fact causing the beetles 
to collect in large numbers. 

The parasitism in the males was found to be higher than in the 
females. Of the 3932 male beetles dissected, 786, or 19.98%, were par- 
asitized by Chaetophieps. Of the 2950 female beetles dissected, 502, or 
17.05%, were parasitized. The female beetles spend relatively more 
time in the ground in oviposition, and thus probably escape collection 
and parasitism to some extent. The male beetles are more active, in 
their search for their mates, and this activity obviously favors par- 
asitism. 

Variation in Number of Parasites —During the first half of June the 
percentage of parasitism is small. This may be due to the scarcity of 
flies that developed from overwintered larvae. The percentage increases 
from June 25 to July 25, owing to the combined attack upon the beetles 
by flies of two generations. However, after July 25, there is a sharp 
decline in parasitism owing chiefly to two conditions: first, the overwin- 
tered beetles are beginning to die rapidly; second, the new generation of 
beetles has not yet appeared in full numbers. By August 15, the per- 
centage of parasitism begins to increase again, presumably owing to 
the fact that the large number of newly developed beetles are then 
being parasitized. 

A second generation of striped cucumber beetles begin to appear in 
Central Illinois about September 20-25. At this time, the old beetles of 
the first generation are dying off in numbers and those of the second are 
still rather few, causing a decline in parasitism. But after September 25, 
the percentage of parasitism again increases, owing to the presence of a 
larger number of second generation beetles to serve as hosts. 

Percentage of Parasitism in Diabrotica duodecempunctata.—During 
the summers of 1933 and 1934, the percentage of parasitism in Diabrotica 
duodecempunctata was 5.41 in 499 beetles of this species dissected. As 
in Diabrotica vittata, the parasitism was greater in the males than in the 
females, being 6.13 per cent in the former and 4.62 per cent in the latter. 
This difference in parasitism, no doubt, is traceable to the same causes 
cited above for D. vittata. 


Generations Per Year of Chaetophleps.—Data to indicate the number 
of generations of Chaetophleps were obtained by dissecting about one 
hundred beetles twice each week and observing the instars of the larvae 
thus obtained. By noting which instar was represented by the largest 
number of individuals at the time of each dissection sufficient data was 
accumulated to show that five generations appear during the year. The 
maturity of fifth-generation larvae, which overwintered in the host, 
could not be determined by dissection, owing to the difficulty of finding 
sufficient striped cucumber beetles in the spring. But in view of general 
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observations, the time of emergence of fifth-generation adults was esti- 
mated. 

The prolonged period of larviposition during the entire life of adult 
female flies causes a very broad overlapping of the generations. How- 
ever, the numerical peak of the mature larvae and the newly emerged 
adult flies occurred at intervals of four to five weeks from June 5 to 
October 15. 

The climax of adult emergence, as shown by the dissection of beetles 
and the number of adult flies observed in the field, showed that genera- 
tions one to five occurred about July 3, August 6, September 10, Octo- 
ber 15, and June 5, respectively. These results were obtained by the 
writer during the summer months at Urbana, Illinois, and in the fall 
near Chicago, Illinois. 

Natural Enemies.—No natural insect enemies of Chaetophleps have 
been observed in the field or reared from the stages of the fly, but no 
doubt some pupae and perhaps adults are captured by predaceous 
insects, which are often found around cucurbits. 

Spiders occasionally catch the adult flies in their spider webs. In 
one instance, a female Chaetophleps was found dead in a spider web, 
which extended from one cucumber leaf to another. 
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Fig 


Fig. 


EXPLANATION OF PLATES 


PLATE I 


. 1, Dorsal view of adult female fly, X 15. Fig. 2, Dorsal view of beetle, X 15. 


Fig. 3, Lateral view of abdomen of fly, X 30; a—larvipositor; b—elongated 
second abdominal segment, showing blunt spine-like processes. Fig. 4, Lateral 
view of parts of larvipositor, X 45; a—anterior valvulae; b—posterior valvulae. 
Fig. 5, Right wing of adult female fly, X 30. The longitudinal veins are: 
C, Costa; Sc, Subcosta; R, Radius; M, Medius; Cu, Cubitus; A, Anal veins. 
The cross veins are: h, humeral; r-m, radio-medial; m, medial. The cells 
are: C, Costal; Sc, Subcostal; R, Radial; M, Medial; Cu, Cubital; A, Anal. 


PLATE II 

6, Lateral view of an egg, dissected from a gravid female fly that was 
preserved in alcohol, X 50. Fig, 7, First instar larva, X 40. Fig. 8, Second 
instar larva, X 15. Fig. 9, Third instar larva, X 15. Fig. 10, Lateral view of 
puparium, X 15; a—posterior spiracle. Fig. 11, Posterior view of caudal 
spiracles of pupa, X 125; a—two stigmal plates; b—button; c—slit-like 
spiracles. Fig. 12, Lateral view of tracheal funnel, x 50. Fig. 13, Lateral 
view of cephalo-pharyngeal skeleton of first instar larva, X 300; a—truncate 
denticle; b—vertical lamellae. Fig. 14, Lateral view of cephalo-pharyngeal 
skeleton of second instar larva, X 200; a—truncate denticle; >—mandibular 
sclerite; c—hypostomal sclerite; d—pharyngeal sclerite; e—vertical lamellae. 
Fig. 15, Lateral view of cephalo-pharyngeal skeleton of third instar larva, 
xX 150; a—truncate denticle; b>—mandibular sclerite; c—hypostomal sclerite; 
d—pharyngeal sclerite; e—vertical lamellae. Fig. 16, Dorsal view of cephalo- 
pharyngeal skeleton of third instar larva, X 125; a—vertical lamellae; b— 
pharyngeal sclerite; c—hypostomal sclerite; d—mandibular sclerite. 
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PLATE II 








NOCTUIDAE TAKEN AT A BAIT TRAP IN KANSAS! 


H. H. WALKDEN, 
Division of Cereal and Forage Insect Investigations, 
Bureau of Entomology and Plant Quarantine, 
U. S. Department of Agriculture 


In connection with cutworm investigations at Wichita, 
Kansas, during 1921, a bait trap was used to obtain living 
material for oviposition studies. In addition, it was desired 
to obtain a flight record of adults to be used as a check on 
emergence data secured in life-cycle studies then in progress. 
So many valuable data were obtained during the first year that 
it was decided to continue to record over a period of years. 
Consequently, a record of the nightly catch was kept, tabulating 
the species, numbers caught, and, as far as possible, the sexes. 
The data presented in this paper are the results of observations 
extending over eleven years, 1921-1931 inclusive. No account 
was taken of the smaller noctuids or of species of the genus 
Catocala. 

Owing to the pressure of other work, it was impossible to 
keep the trap in operation every night. The trap, however, 
was baited and the catch recorded for the major part of the 
period covered. Altogether, the trap was operated for a total 
of 2,615 nights during the period 1921-1931, inclusive. Each 
year the operation of the trap was usually begun some time in 
February or March, and continued, with certain unavoidable 
interruptions, until cold weather stopped all flight activity in 
the fall. 


THE TRAP 


The trap was of the ordinary cylindrical flytrap type, 30 inches high 
and 18 inches in diameter with an internal cone, opening at the top. 
An opening in the top 6 inches square afforded access to the interior 
for the removal of the catch. The legs projected below the bottom of 
the cone about four inches, allowing the moths ingress to the trap. The 
bait, consisting of a 10 percent solution of molasses in water and crushed 
bananas, was placed in a shallow saucer on the ground below the cone. 
The legs were fastened to stakes driven into the ground, to prevent the 
trap from being blown away during periods of high winds. 








1The data on which this paper is based were obtained while the writer was 
stationed at Wichita, Kansas, working under the direction of J. R. Horton. 
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Inasmuch as the moths were taken alive, it was sometimes necessary, 
when large numbers were captured, to surround the trap with canvas 
and introduce sufficient carbon disulphide to keep them quiet while 
being removed. 

The trap was set up in the laboratory yard, situated well within the 
city limits with the usual backyard gardens in the neighborhood. 
There was a quarter section of open land to the east and south, devoted 
mainly to the growing of alfalfa. During the latter part of the period 
covered by these records, a portion of the alfalfa was broken up and 
planted to corn, and the eastern part was utilized by the city for school 
buildings and athletic fields. A small creek traversed the area from 
north to south. The trap was operated in this location for ten years, 
1921-1930 inclusive. During 1931 the trap was removed to the experi- 
mental plots located at the southeastern edge of the city, where alfalfa, 
small grains, and truck crops predominated. 


RESULTS OF THE COLLECTIONS AT THE BAIT TRAP 


Usually the trap was baited as soon as the weather began to warm up 
in the spring, so that the earliest flight of the moths could be observed. 
In most years the flight of noctuids began in March or early in April, 
the earliest date recorded in the study being March 2. 

The first species to be taken in the trap in the spring were A grotis 
ypsilon Rott., Cirphis unipuncta Haw., and Lycophotia saucia Hbn. 
These were also the last species to be taken in the fall, the last date for 
Agrotis ypsilon and Lycophotia saucia being November 17, and for 
Cirphis unipuncta November 16. It should be noted that these species 
fly practically throughout the entire season. 

The records for 1930 show decided variations from the usual seasonal 
appearances. In that year the date of the first catch was September 17. 
The trap had not been operated from June 15 to 30, nor from August 
9 to 22, so flights may have occurred during these periods. The first 
specimens of multiple-generation species appeared late in September, 
and no outbreaks of species that produce multiple generations were 
reported for Kansas in the Insect Pest Survey during the spring of 1930. 
These species ordinarily comprise the bulk of the spring catch. 


RECORD OF SPECIES TAKEN 


Altogether, 72 species of Noctuidae were taken during the 11-year 
period, not including the micro forms or the Catocala, of which no 
record was made. The number of species varied from year to year, 
the smallest being 16 taken in 1930, and the largest being 43 species 
taken in 1928. 

The determinations of these species taken at the bait trap were made 
by the writer, with the following exceptions :* 

The late H. G. Dyar made the determinations of the specimens of 
Acronicta vinnula, Chamyris cerintha, Hypsoropha hormos, Lithacodia 
apicosa, Melipotis nigrescens, and Polia vicina. 


*The authors of the species are given in Table I. 
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The late F. H. Benjamin made the determinations of the specimens 
of Acronicta longa, A pruni, A parallela, A oblinita, Elaphria grata, 
Galgula partita form hepara, Lampra barnesi, Luperina stipata, Lyco- 
photia rudens form pellucidalis, Melipotis versabilis, Perigea sutor, 
Polia teligera, Septis apamiformis, Trachea miselioides, T. delicata. 

By comparison with specimens determined by Dyar, the writer 
made the determination of specimens of Agroperina helva, Agrotis 
badinodis, Cirrhobolina deducta, Epiglaea decliva, Epizeuxis lubricalis, 
Luperina burgessi, Nephelodes emmedonia, Parastichtis bicolorago, and 
Septis cariosa. 

By comparison with specimens determined by Benjamin the writer 
determined the specimens of Eriopyga crenulata, E incincta, and 
Pyrrhia umbra. 

Table I presents the yearly catch by species, arranged according 
to the Check List of Lepidoptera of Boreal America by Barnes and 
McDunnough, 1917, together with the total catch for the period, and the 
proportion of the sexes It may be noted that there are only five species 
which appeared in the trap for the eleven consecutive years These 
five species are Agrotis ypsilon, Heliothis obsoleta, Cirphis unipuncta, 
Lycophotia saucia, and Prodenia ornithogalli The number in paren- 
thesis following the species name in the table indicates the order in 
abundance of those species totalling five or more specimens Inasmuch 
as the bait was not equally attractive to the various species, the numbers 
taken do not indicate accurately their relative abundance at Wichita, 
Kansas. For example, during the period under consideration, there 
were several outstanding flights of Euxoa auxiliaris and occasionally 
Heliothis obsoleta also appeared in great numbers at lights. Apparently 
these two species are only moderately attracted to molasses bait since 
only 189 specimens of £. auxiliaris and 381 of H obsoleta were taken 
during the space of eleven years. 

Of the ten most abundant species taken in the trap, five were involved 
in injurious outbreaks in Kansas, at least once during the period covered 
by the record. These species were Heliothis obsoleta, Cirphis unipuncta, 
Laphygma frugiperda, Lycophotia saucia, and Prodenia ornithogalli 
One other species, Euxoa auxiliaris, caused widespread injury at certain 
times during the period, and ranks sixteenth in the number taken. 
Several other species are of potential economic importance in the region 
and the combined feeding of the larvae must constitute a considerable 
toll on crops in Kansas and neighboring States. 


PROPORTION OF SEXES 


Of the 14,741 moths recorded during the eleven-year period 1921- 
1931, the sex was determined for 9,810 and of this number 3,560, or 
36 percent, were females, and 6,250, or 64 percent, were males. In 
Table I will be found a record of each species for which sex determination 
was made. 

Considering only the 27 species for which sex determinations were 
made, there were 9, or 33 percent, in which the catch of females equaled 
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or exceeded that of the males. These species, with the percentages of 
females, are: 


Percent of 


Females 
NG OURO ooo caer seneseees ee ales pe 
Cirphis phragmatidicola........... eas wide .. 59 
Dipterygia sacbriuscula..............00000 . 51 
MII. 656k v kkk xen ene xeue vn 
MR icici sch s tweens mouse sears 50 
Heliothis obsoleta. . nie nates aera 58 
Parallelia bistriaris.............. .% 59 
Prodenia ornithogalli. ee 52 
SCOOZTAMMG IFOUE... 0 cece ccessees os 52 


In five of the above species, the proportion of the sexes is equal or 
very nearly so. In all the remaining species examined for sex the 
number of males exceeded that of the females. With the exception of 
Epiglaea decliva, all of the above nine species fall in the multiple- 
generation group, which indicates the possibility that there is some 
factor which operates to keep down the number of females of the single- 
generation group at the bait trap. Rearings of various species have 
shown the proportion of sexes produced to be nearly equal. 


SEASONAL FLIGHT RECORDS, 1921-1931 


The records show that in certain years Noctuidae, taken as a group, 
are on the wing as early as March 2 and as late as November 17, with 
periods of heavy flight occurring at intervals during the active season. 
Based on the bait-trap records, two principal periods of flight can be 
distinguished, viz., the spring flight from late April to early in June, 
and the fall flight from late August to late in October. The hot summer 
period, from late in June to early in August, shows a striking scarcity. 

The flights varied greatly from year to year, both in time of occur- 
rence and in numbers taken. There were periods of various duration 
in nearly every year when no noctuids came to the bait. 

The period of greatest flight occurred from August 21 to 31, 1928, 
when the number of moths averaged 86 per night. The greatest single 
nightly catches, however, were recorded on September 21, 1926, when 
368 noctuids were taken, and on May 27, 1931, with 311 specimens. 
There were several other instances when a sudden heavy flight occurred 
on one night only. 

The noctuids taken at the trap fall into two main groups, based on 
their seasonal history, viz., the species of single-generation habit and 
those that produce multiple generations. The former species have a 
rather definite annual flight period, varying somewhat in the time of 
their appearance from year to year. For the most part, the flight of 
these species occurs in the fall, during September and October, the 
notable exception being Euxoa auxiliaris, the adults of which appear 
late in May and early in June, and again in October, after an apparent 
aestivation period of nearly four months. All the other evidence at 
hand goes to show that it has a single generation annually in the latitude 
of Wichita, Kansas. Table II gives a summary of the annual flights 
of the single generation species as indicated by the bait-trap records. 

It was found that the generations of the species producing more than 
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one generation could not be separated satisfactorily on the basis of 
bait-trap records alone, since, in most cases, the generations become 


TABLE II 
SEASONAL FLIGHT OF SPECIES OF NOCTUIDAE HAVING A SINGLE 
GENERATION ANNUALLY IN KANSAS 





First | Last Maximum Total 

Species Adults | Adults | Flight Catch, 

Taken Taken Period 1921-1931 
Agroperina helva.... Aug. 26 | Sept. 28 | Sept. 6-13... | 56 
Agrotis badinodis......... | Oct. 3] Nov. 2] Oct. 10-19.... 175 
Alabama argillacea* Sept. 10 | Oct. 3 Oct. 10-12 cama 901 
Euxoa auxiliaris, spring flight May 16] June 10} May 26-June 2 169 
Euxoa auxiliaris, fall flight } Oct. 1] Nov. 7 | Oct. 8-12. ‘ 20 
Eriopyga incincta rer Sept. 10 | Oct. 23 | Sept. 22-Oct. 16....| 196 
Polia meditata | Sept. 5 | Sept. 22 | Sept. 13-18.. 24 
Feltia subgothica group.... Aug. 24 | Oct. 13 | Sept. 17-Oct. 4.....| 232 
Feltia venerabilis | Sept. 12 | Oct. 19 | Oct. 7-15......... 47 
Luperina burgessi... Sept. 22 | Oct. 3 | No marked peak 8 
Nephelodes emmedonia | Sept. 13 Oct. 20 | Sept. 23-Oct. 8.....| 260 
Papaipema nitela re | Sept. 23 | Oct. 6 | Sept. 27-Oct. 2.. 15 
Parastichtis bicolorago ' Oct. 21 Nov. 13 ! Oct. 25-Nov. 4. ' 370 





Not a single-generation species but included because of its one annual flight from the Cotton Belt into 
the latitude of Wichita, Kansas 


bLight-trap record for Manhattan, Kansas, 1934, indicates maximum flight October 2-13. 


TABLE III 
FLIGHT RECORDS OF SPECIES OF NOCTUIDAE PRODUCING MULTIPLE 





Prob- | Total 














Species | First Last | Periods of Maximum able | Catch, 
Adults | Adults Flight No. of | 1921- 
| |Broods| 1931 
A grolis c-nigrum ‘ | May 17 | Oct. 16 May 22-June 1, Sept. 19-30 2 | 161 
Agrotis ypstlon ; Mar. 2/| Nov. 17 | Aug. 23-Nov. 10 x | 950 
Cir phis phragmatidicola group} May 26 | Oct. 25 | May 28-June 5, Sept. 13-Oct. 3 | 2 | 37 
Cir phis unipuncta . , | Mar. 4] Nov. 16 | Apr. 15-May 25, Aug. 25-Sept. 10, | | 
Sept. 22-Nov. 5 4 | 5,521 
Dipterygia scabriuscula ..| May 3 | Sept. 20 | May 15-June 5, July 18-27, Aug. 13- | 
| Sept. 6 |} 3 277 
Feltia annexa ..| Mar. 24 | Nov. 16 | No marked peaks i 4 | 3 48 
Feltia malefida ; May 26 | Nov. 16 | No marked peaks 2 10 
Heliothis obsoleta May 16] Nov. 2 | Sept. 15-Nov. 1 4 381 
Laphygma frugiperda | July 26} Nov. 8 Aug. 16-Oct. 22° 2 917 
Lycophotia infecta A 10 | Oct. 31 | No marked peaks 2 12 
Lycophotia saucia Mar. 2 | Nov. 17 | Apr. 7-May 29, June 27-July 10.. | 4 1,341 
Neleucania albilinea Aug. 8 | Sept. 14 | No marked peaks 2. 13 
Parallelia bistriaris | May 1 | Sept. 26 July 18-Sept. 1.. | 2 346 
Polia renigera May 20| Nov. 1 | May 28-June 4, Sept. 12-30 r § 356 
Prodenia ornithogalli Apr. 19 | Nov. 8 | May 26-June 10, July 19-Oct. 5.....| 4 1,213 
Scotogramme trifolii Apr. 8! Oct. 10 1 No marked peaks 3 82 








“Date of greatest flight varies between these dates. Large numbers were recorded as follows: 
Sept. 22, 1926; Aug. 16-23, 1927; Sept. 16-Oct. 3, 1927; Oct. 21-22, 1928. 

bThis species undoubtedly produces at least two generations. For some reason the trap does not show 
the spring emergence. 


hopelessly mixed as the season progresses. Table III gives the flight 
data for the various multiple-generation species. The generations are 
quite well delineated in three species, A grotis c-nigrum, Feltia malefida, 
and Polia renigera. 





NOTES ON THE LIFE HISTORY AND ANATOMY OF 
TRICHOGRAMMA 


S. E. FLANDERS, 
University of California Citrus Experiment Station, 
Riverside, California 


During the last decade a considerable amount of information 
has accumulated concerning the biology and utilization of 
Trichogramma, yet recorded observations concerning the larval 
stages and the gross internal anatomy of the adult are very 
limited. 

Recently the writer investigated the development and 
morphology of 7richogramma evanescens and T. embryophagum 
when reared in the eggs of the arctid, Esttgmene acraea (Drury). 
The eggs of this moth are medium sized and contain sufficient 
food to permit complete development of from one to ten indi- 
viduals per egg. 

A number of Estigmene eggs were exposed to parasitism 
for a period of one hour. They were then held at a fairly 
constant temperature of about 80° F. so that the life cycle 
required eight days. At intervals a host egg was dissected in 
aceto-carmine solution in order to determine the state of 
the parasite. It was found that the egg-incubation period 
was about 22 hours, and that there were three larval instars. 
In about 26 hours after hatching the larva passes through two 
instars and has consumed all of the food material within its host. 

The larva enters the prepupal stage about 12 hours after 
ceasing to feed. This stage is characterized by the formation 
and growth of the milk-white ‘‘urate’’ bodies, uniformly 
distributed under the derm. It is during this period that the 
peculiar blackening of the vitelline membrane of the host occurs. 
The length of this period in the case of embryophagum is two 
days, while in. the case of evanescens it is two and one-half 
days. As the anlage of the adult develops, the urate bodies 
apparently become enclosed within the developing abdomen. 

The pupal period occupies about three and one-half days. 
The last larval skin, as well as the pupal skin, are scraped off 
from the adult as it emerges through the exit aperture cut in 
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the host eggshell. The faecal material accumulated during 
development is then voided. 


The egg of Trichogramma is peculiar in shape (Fig. 1). As the embryo 
develops it becomes typically egg-shaped and then capsulate. During 
the incubation period the egg increases greatly in size. 

The writer’s observations indicate that the three larval stages differ 
in shape of body and in the length and curvature of the mandibles. 
External segmentation of the body is discernible at the beginning of 
each instar, particularly at the anterior end. This however, is soon 
obliterated by the expansion of the body wall through ingestion of great 
quantities of food. 

The young first-stage larva, first observed by Silvestri (1908), 
elongate with nearly parallel sides (Fig. 2). It is completely enclosed in 
the thin chorion and the mid-gut appears to be filled with food. It 
possesses a pair of minute, straight mandibles 3 yw long. When stained 
with aceto-carmine and mounted in Hoyer solution, two long blind 
ducts may be seen lying on each side of the gut and extending nearly to 
the proctodeum. Each duct is outlined by two rows of large cells. 
Pagden (1930) observed these ducts in later instars and thought that 
they represented an apneustic tracheal system in close association with 
oenocytes. According to Parker (1924) they are salivary glands. 

The early second-stage larva is rounded posteriorly, tapering toward 
the anterior end (Fig. 3). The mid-gut occupies most of the body. The 
mandibles are slightly curved and measure about 12 win length. Often 
a fragment of a membrane, possibly the first-molt skin, remains attached 
at the posterior extremity. When placed in aceto-carmine, the stomo- 
deum and the proctodeum are the first portions of the body to take up 
the stain. The proctodeum evidently is filled with waste material, which 
becomes stained and under pressure of the cover glass is forced out 
through the anal opening. The lining of the stomodeum or pharynx of 
specimens placed in the stain but not mounted is often everted through 
the mouth. The larva at this stage in the case of evanescens appears 
more elongate than in embryophagum. 

The third-stage larva (Fig. 4) has the anterior end large and rounded, 
tapering posteriorly so that it is somewhat egg-shaped. In this stage 
the mouth and mandibles are not located at the extremity of the body 
as in the earlier stages but lie somewhat posteriorly on the ventral sur- 
face. Parker (1924) has shown the arrangement of the buccal parts. 
The mandibles are strongly curved and usually exceed 21 uw in length. 
They appear to be useless appendages. The mouth is in the form of a 
cone with the large end opening externally. 

According to Gatenby (1917), the nervous system never becomes 
properly separated from the ectoderm, and nerves and ganglia are 
absent. Since the larvae possess no tracheae, heart, or completely dif- 
ferentiated muscles, a highly developed nervous system may not be 
needed. Parker (1924), however, depicts a well defined nerve cord and 
musculature. 
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Egg of Trichogramma showing nucleus and micropyle. 
First-stage larva of Trichogramma. 

Second-stage larva of Trichogramma. 

Third-stage larva of Trichogromma. 

Outline of alimentary tract of adult Trichogramma. 
Ovary of Trichogramma. 


[Vol. XXX, 








1937] Flanders: Life History of Trichogramma 307 


The late prepupa is distinctly segmented or wrinkled anteriorly. A 
solitary specimen of embryophagum taken from an Estigmene egg meas- 
ured 0.800 mm. by 0.600 mm. by 0.500 mm. 

The pupa which is typically hymenopterous in form is white at first 
and gradually takes on the color of the adult. 

Internal anatomy.—No investigation of the internal anatomy of the 
adult has been made previously, although certain internal structures are 
discernible through the body wall of lightly colored specimens. Thus 
the thoracic phragma is seen to extend a considerable distance into the 
abdomen. Likewise the heavily chitinized spermatheca in the female and 
vesicula seminalis in the male are visible. 

Because of the transparency of the body wall, it is possible to trace 
the course of the alimentary tract. This was done as follows: Specimens 
of Trichogramma embryophagum were reared at high temperatures so 
that the clearest forms were obtained. Several females were kept with- 
out food for a number of hours and then fed India ink mixed with honey. 
This material could be seen passing back into the crop. About 24 hours 
later they were examined again and the material had entered the mid- 
gut and hind intestine. Using this method it was found that the 
alimentary tract (Fig. 5) consisted of a very narrow 6esophagus enlarging 
into a crop which extended from the anterior part of the thorax well 
into the abdomen and consisted of two dilated regions, one in the 
thorax and one mostly in the abdomen. The portion of the gut in the 
thorax lies ventrally beneath the muscular tissue. No proventriculus 
was observed. The mid-gut is an oval body lying in the dorsal part of 
the abdomen and connected apparently with the rectum by a short 
intestine. The number of Malpighian tubules was not ascertained. 

Most of the abdominal cavity in the female is occupied by the paired 
ovaries. Each ovary is pear-shaped and consists of two ovarioles 
(Fig. 6). The large end of each ovary is connected with the vagina by a 
slender oviduct. A heavily chitinized, brownish yellow spermatheca was 
removed from a mated female and broken under a cover glass in Hoyer 
solution. It contained a mass of spermatozoa. A single spermatozoon 
consists of a very long, tapered head and extremely long filamentous 
tail. 


SUMMARY 


The development of Trichogramma within the eggs of 
Estigmene acraea (Drury) was studied under insectary con- 
ditions. 

The incubation of the egg required nearly as many hours 
as the feeding period of the larva. There were three larval 
instars, each distinguished by the size of the mandibles and 
the form of the body. 

The prepupal stage of Trichogramma embryophagum appeared 
to be shorter than that of 7. evanescens when developing under 
the same conditions. This difference accounts for the variation 
in their life cycles. 
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The alimentary tract of 7. embryophagum was traced by 
feeding the females India ink. The ovaries were pear-shaped 
and each consisted of two ovarioles. 
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CITRUS DISEASES AND THEIR CONTROL, by Howarp S. Fawcett. 
Second edition, completely revised, rewritten and enlarged, 1936. 656 pages, 
15 pls. in color, 172 text figures. The McGraw-Hill Book Company, Inc., 
New York. Price, $6.00. 

After more than ten centuries of cultivation, selection and hybridization 
many of the original forms of citrus have fused in a taxonomic maze consisting 
of between 30 and 40 species and varieties. About 16 different kinds of citrus 
and related plants are used in one way or another in the production of fruit or 
other products of commercial value. Considering the emphasis placed on quality 
and quantity of salable products and the diverse environments in which citrus 
is grown it is not surprising that so many different predatory organisms must 
be considered. 

In this book the present information concerning citrus diseases occurring in 
the ten principal areas of citrus culture is discussed. As a guide to growers in the 
identification of diseases, diagnosis of their causes and methods of control, and as a 
reference book for students and investigators, this volume is admirably suited. 

Part one is of a general nature. Chapters are devoted to history of citrus 
and citrus diseases, susceptibility of different plants to disease, geographical 
distribution of various diseases and methods of treatment through the use of 
fungicides, disinfectants and cultural operations. The diseases affecting the 
roots and trunk are considered in part two, those attacking branches, twigs and 
leaves in part three and fruit diseases in part four. Keys to the identification 
of the various diseases are given for each group of plant parts affected. Special 
chapters give information on prevention of decay and deterioration of fruit from 
the time of formation until sold to the consumer. 

The author groups the organisms or conditions causing disease as (1) soil 
organisms, insects and vertebrates, (2) algae, fungi, bacteria, parasitic flowering 
plants and virus, and (3) malnutrition, physical factors of the environment, 
inherent genetic defects and physical derangements. Specific organisms are 
considered in detail as to their geographical distribution, history, symptoms, 
causal agent and control. 

The book is beautifully illustrated with 15 plates in color and 172 photographs 
and drawings. Paper and printing are excellent and the rugged binding will stand 
more than average use.—B. J. L. 








BRAMBLE FRUIT APHIDS 


G. F. KNOWLTON AND M. W. ALLEN! 


Utah Agricultural Experiment Station, 
Logan, Utah 


The incomplete knowledge concerning aphids infesting 
raspberries and other bramble fruits in Utah and throughout 
the northwestern United States led the writers to undertake 
this study. The ability of certain species to transmit mosaic, 
and possibly other plant diseases, increases the importance of 
this group. Two species are described as new, and a third as a 
new subspecies. 


Amphorophora arnicae thatcheri n. subsp. 
(Pl. I, figs. A-C and G) 

Alate vivipara.—Size 2.8 mm. long and 0.55 wide through eyes; 
antennae blackish to black; hairs on vertex and antennae not noticeably 
capitate; antennal III, 0.9 to 1 mm., with 42 to 50 sensoria extending to 
within about 0.11 to 0.18 mm. of distal end; IV, 0.51 to 0.54; V, 0.54 to 
0.56; VI, 0.12 to 0.15 plus 1.01 to 1.04 mm.; rostrum reaching third 
coxae; rostral IV plus V, 0.205 to 0.225 mm.; hind tibiae dusky to black, 
2.43; hind tarsi 0.126; cornicles blackish, 0.79 to 1.08 mm. long, with 0.1 
mm. to 0.089 of length reticulated; cauda pale, 0.316 to 0.39, total 


length, and 0.24 to 0.33 on mid-line, with 3, and occasionally 4, lateral 
hairs. 


Collection.—On loganberry at Potter Creek, Idaho, in Cour 
d'Alene National Forest, June 19, 1936 (T. O. Thatcher). 

Taxonomy.—The material runs to Amphorophora arnicae 
Glendenning in Gillette and Palmer’s key (Ann. Ent. Soc. 
Amer. 27: 134) from which it differs in possessing relatively 
less reticulated area on distal end of cornicles, usually 0.1 to 
0.089; a tendency to fewer sensoria on distal end of antennal III; 
and in possessing a dusky patch in front of cauda. This species 
differs from A. davidsoni Mason in having darker antennae 


beyond III; more sensoria on antennal III; and longer 
antennal VI. 


Amphorophora bonnevilla n. sp. 
(Pl. I, figs. D-F and H) 


Alate vivipara.—Color green; size 2 mm. long and 0.61 wide across 
abdomen; 0.46 across eyes; antennae pale; antennal III, 0.71 to 0.77 





1Associate Entomologist and Graduate Assistant, respectively. Publication 
authorized by Director. 
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mm. with 11 to 19 sensoria in a rather regular row; IV, 0.71 to 0.79; 
V, 0.6 to 0.66; VI, 0.145 to 0.17 plus 1.18 mm.; rostrum just attaining 
third coxae; rostral IV plus V, 0.14 mm. long and 0.08 wide at widest 
point; hind tibiae pale, 2.32 mm. long; hind tarsi pale, 0.15; cornicles 
pale, 0.88 mm. with 5 to 7 rows of inconspicuous reticulations; cauda 
pale, irregularly slender, wider at base, and 0.38 mm. total length. 

Taxonomy.—Amphorophora bonnevilla runs to A. maxima 
Mason in Mason’s key (Proc. U. S. National Mus. 67: 6) from 
which it differs in being smaller in size; possessing shorter 
antennal hairs, shorter antennal III, longer antennals IV, V, 
and unguis on VI, and pale cornicles. In Gillette and Palmer’s 
key (Ann. Ent. Soc. Amer. 27: 134) it runs to A. brevitarsis 
G. and P., from which it differs in having a more slender cauda, 
relatively longer antennals IV and V, as compared with III, 
and longer rostrum. 

Collection.—Collected upon red raspberry leaf at Farmington, 
Utah, June 11, 1935 (Knowlton). 

Type.—In the collection of the senior writer. 


Amphorophora rubi (Kaltenbach) 
(Pl. I, figs. I-M and O; Pl. II, fig. B) 

Infesting black and red raspberry leaves at Puyallup, 
Washington, July 28, 1935 (G. A. Huber); Castleford and 
Hollister, Idaho, October, 1930 (D. E. Fox); Morgan, Utah, 
June 30, 1925 (Knowlton). 


Amphorophora rubicola (Oestlund) 
Collected at Castleford, Idaho, October 23, 1930 (D. E. Fox). 


Amphorophora rubicumberlandi n. sp. 
(Pl. I, fig. N and Pl. II, figs. A, C-I) 

A good series of this apparently undescribed raspberry pest 
was received from Dr. G. A. Huber, Plant Pathologist of the 
Western Washington Experiment Station. Professor Huber 
reports that this form was found only upon the underside of 
the canes of wild and cultivated black raspberries, all stages 
being found, and over 300 individuals counted upon a single | 
cane. Collections were made on canes of Cumberland rasp- | 
berries at Puyallup, Washington, September 1 and August 12, 
1936; and at Yelm, Washington, on Rubus leucodermis, August 
18, 1936 (G. A. Huber). 


Alate vivipara.—Size 1.9 to 2.5 mm. long; 0.63 to 0.75 wide through 
abdomen; 0.52 to 0.553 wide through eyes; antennae 2.96 to 3.24 mm. 
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long, dusky to blackish beyond base of III; antennal III, 0.86 to 1.07 
mm. long with 55 to 65 sensoria; IV, 0.44 to 0.55, without sensoria; 
V, 0.44 to 0.58; VI,0.11 to 0.13+-0.71 to 0.87 mm. long; rostrum reaching 
or slightly exceeding second coxae; rostral IV+ V, 0.14 to 0.158 mm. long, 
slenderly obtuse; hind tibiae 2.05 to 2.42 long; hind tarsi 0.15 to 0.19; 
cornicles pale, swollen, 0.45 to 0.65; cauda pale, total length 0.24 to 
0.26 mm. 

A pterous vivipara.—Size 2.58 to 2.92 mm. long; 0.9 to 1.3 across 
abdomen; 0.52 to 0.54 through eyes; antennae 2.88 to 3.23 mm. long, 
dusky to blackish beyond base of IV; antennal III, 0.81 to 1.05 mm. 
long with 11 to 16 irregularly arranged sensoria; IV, 0.44 to 0.52; V, 
0.44 to 0.5; VI, 0.12 to 0.14+0.77 to 0.9 mm.; rostral IV+V, 0.157 
mm. long; hind tibiae 2.02 to 2.17; hind tarsi 0.16 to 0.17; cornicles 
pale, 0.58 to 0.69; cauda pale, 0.22 on mid-line and 0.3 mm. total length. 


Taxonomy.— Amphorophora rubicumberlandi runs to A. 
oleraceae (v. d. G.) and A. cosmopolitana Mason (= sonchi 
Oest.), in Mason’s key (Proc. U. S. Nat. Mus. 67: 5-7), from 
both of which it differs in the alate lacking secondary sensoria 
on antennals IV and V. It differs from A. davidsoni Mason in 
possessing more secondary sensoria on antennal III, shorter 
antennal hairs, and lacking reticulations on cornicles. 


Macrosiphum rubiellum Theobald 
(Pl. III, figs. Q-V) 

The writers are indebted to Mr. Frederick Laing, of the 
British National Museum of Natural History, for the privilege 
of examining material of this species collected in Great Britain 
on blackberry and raspberry by Theobald, and on dewberry 
and blackberry by G. H. L. Decker. 


Alate vivipara.—Size 2.17 mm. long; 1.0 wide across abdomen; 0.46 
wide through eyes; antennae 2.24 to 2.87 long, dusky beyond apex of 
IV to black except base of III, being darker in the specimens examined 
from dewberry; antennal III, 0.65 to 0.76, with 10 to 17 sensoria; IV, 
0.41 to 0.55; V, 0.37 to 0.46; VI, 0.14 to 0.157+0.67 to 0.76; rostrum 
reaching second coxae; rostral IV+V, 0.1 to 0.12 mm. long and 0.064 
to 0.074 wide; hind tibiae 1.34 to 1.7; hind tarsi 0.14 to 0.15; abdomen 
with a distinct pattern of broken blotches across dorsum of segments 
1 to 5, with circular dark patches in front of base of cornicles and larger, 
rectangular blackish areas caudad of cornicles; cornicles black, 0.44 to 
0.65, with distal 0.08 to 0.09 reticulated; cauda pale, 0.21 to 0.25, total 
length and 0.173 to 0.383 mm. on mid-line. 

A pterous vivipara.—Size 1.96 to 2.8 mm. long; 1.1 to 1.55 wide 
across abdomen; 0.53 across eyes; antennal III, 0.69 to 0.72 with 1 or 2 
sensoria; IV, 0.44 to 0.53; V, 0.36 to 0.38; VI, 0.142+0.69 to 0.16+0.7; 
rostrum reaching second coxae; rostral IV+V, 0.125; hind tibiae 1.69 
to 1.77; hind tarsi 0.155; small lateral tubercles on abdominal segments 
IV, V and VII; cornicles dusky, darker over 0.06 to 0.07 mm. of retic- 
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ulations near apex, and 0.73 to 0.8 long; cauda pale, 0.35 mm. total 
length, with 3 to 4 lateral hairs. 

A plerous ovipara.—Size 2.09 mm. long; antennae pale to gradually 
becoming dusky beyond middle of III, 1.93 long; antennal III, 0.46 mm. 
long and without sensoria; IV, 0.29; V, 0.3; VI, 0.126+0.56; rostrum 
scarcely exceeding second coxae; rostral IV+V, 0.095; hind tibiae 
swollen, thickly studded with sensoria, 1.07; hind tarsi 0.126; cornicles 
dusky, 0.474; cauda pale, 0.22 mm. total length. 


Taxonomy.—Wingless ovipara and vivipara with pale cauda 
and dusky cornicles seem to be most typical, although specimens 
were received with these structures blackish to black. Alates 
have a more definite pattern of broken black bands than MM. 
harpagorubus Knlt., which probably should be considered as a 
subspecies of M. rubiellum Theo. for the present. 


Macrosiphum rubiellum harpagorubus Knit. 
(Pl. III, figs. L-P) 

Alate vivipara.—Size 1.9 to 2.6 mm. long, 0.95 wide and 0.48 wide 
through eyes; antennae 2.6 to 2.9 mm. long, largely dusky beyond mid- 
dle of III; antennal III, 0.69 to 0.76 mm. with 13 to 15 sensoria in a 
rather regular row; IV, 0.49 to 0.51; V, 0.41 to 0.5; VI, 0.15 to 0.184 
plus 0.69 to 0.8 mm.; rostrum barely reaching second coxae; rostral 
IV plus V, 0.11 to 0.14 mm.; hind tibiae 1.6 to 1.75; hind tarsi 0.14 to 
0.164; cornicles black, 0.65 to 0.76 mm. long, with about 5 to 8 rows of 
reticulations; cauda 0.3 mm. long, total length. 


Taxonomy.—This species is near to Macrosiphum rubiellum 
Theobald, but possesses less conspicuous lateral tubercles; 
lacks the characteristic abdominal color pattern and has longer 
cauda and cornicles in alates. 

Collections —On evergreen blackberry, Rubus laciniatus, 
Puyallup, Washington, May 15, 1935 (A. J. Hanson). 


Macrosiphum rubifolium Theob. 
(Pl. III, figs. W-Z and AA) 
Two slides, secured through the kindness of Mr. F. Laing, 
collected upon bramble at North Wales: Trigarth, September 25, 
1921 (C. L. Walton), were available for study. 


Alate vivipara.—Size 2.32 mm. long; antennae largely black; antennal 
III, 0.8 mm. long with 22 sensoria; IV, 0.77; V, 0.71; VI, 0.16 plus (7); 
rostrum reaching third coxae; rostral IV plus V slenderly obtuse 0.158 
mm. long; hind tibiae 2.97 mm. long; cornicles black, 1.04 long, distal 
0.142 reticulated; cauda pale, 0.44 total length, 0.36 mm. on mid-line. 

A plerous vivipara.—Size 3.38 mm. long; 1.6 wide across abdomen; 
0.57 through eyes; antennal III, 1.01 mm. long with 9 to 11 sensoria; 
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IV, 0.76; V, 0.66; VI, 0.17 plus (7); cornicles black beyond approx- 
imately basal one fifth, 1.31 long with distal 0.126 reticulated; cauda 
pale, 0.47 total length, 0.4 mm. long on mid-line. 


Myzus convolvuli (Kaltenbach) 
(Pl. II, figs. J-O) 

Collected on red raspberry at Logan, Utah, July 27, 1934 
(Knowlton); Buhl and Twin Falls, Idaho, October, 1930 (D. E. 
Fox); abundant on raspberries at Puyallup, Washington, 
April 15, 1936, and together with Macrosiphum rubiellum 
harpagorubus Knit. on Rubus laciniatus at Puyallup, Wash- 
ington, May 15, 1936 (A. J. Hanson), (= Myzus pseudosolani 
Theobald); Bozeman, Montana, July 16, 1936 (Knowlton). 


Aphis rubicola Oestlund 
(Pl. II, figs. U-Z) 

Abundant upon petioles of red raspberry leaves growing on 
old canes at Hooper, June 3, 1935 (Knowlton and C. F. Smith); 
and on raspberry foliage at Huntsville, July 27, 1925; and 
Lakeview, in Utah, June 5, 1930 (Knowlton); Riverdale, Idaho, 
July 25, 1936 (C. F. Smith). 


Cerosipha rubifolii (Thomas) 
(Pl. II, figs. P-T) 

Attacking the underside of leaves of red raspberry at Eden, 
July 27, 1925; Farmington, June 4, 1930; Layton, September 7, 
1925; Logan, July 27, 1934; and Ogden, in Utah (Knowlton). 
On blackbeauty raspberry at Puyallup, Washington, August 13, 
1936, and red raspberry, August 12, 1936; Cuthbert raspberry, 
Rubus leucodermis, Yelm, Washington, August 18, 1936 (G. A. 
Huber). 








Bramble Fruit Aphids PLATE I 
G. F. Knowlton and M. W. Allen 


° 25 a? _ 7 eee 











Z TIO é ideal SrA 
Oa _ TN Oe ATO arene cas PR A 


Wir. Lag Lm A <i 


? FLIER TERT OS oe RE Te 2% A c 
eae Ty eR 
oR i 


— YO oreo ee SO / (“~ 


ii rt 


— Crit Seeees 
0 RT SRR 
a 


CT a IR I IT OE IE IST TS LECTED TITTIES TSO I ET Se 





Amphorophora arnicae thatchertn. subsp. Alate, A-C.G. Amphorophora bonevilla 
n. sp. Alate, D-F, H. Amphorophora rubi (Kalt.). Alate, I-J. Aptera, 
K-M, O. Amphorophora rubicumberlandi n. sp. Alate, N. 
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Ampbphorophora rubicumerlandin. sp. Alate, A, D-E. Aptera, C, F-I. Amphoro- 
phora rubi (Kalt.). Aptera, B. Mysus convolvuli (Kalt.). Aptera, J-K, 
M-N. Alate, L, O. Cerosipha rubifolii (Thomas). Aptera, P-T. Aphis 
rubicola,Oest. Aptera, U, W-Z. Alate, V. 








Bramble Fruit Aphids PLATE III 
G. F. Knowlton and M. W. Allen 









SL 


Cus IFO" I Py PEM 
to oe 


pa eaneert tices 


= ita 
nD nde egy 


SETI R RR 


{ 
‘ 


| 


mn ath 
rN *) 


phe +A 


¥ 


“> 






fen + os 





AAX_7 


Macrosiphum rubiellum harpagorubus Knit. Alate, L-M. Aptera, N-P. Macro- 
siphum rubiellum Theob. Aptera,Q. Alate, R. Ovipara, S-V. Macrosiphum 
rubifolium Theob. Aptera, W, Z-AA. Alate, X-Y. 
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HELICHUS IMMSI, SP. N. AND NOTES ON OTHER 
NORTH AMERICAN SPECIES OF THE GENUS 


(Coleoptera, Dryopidae) 


HOWARD EVEREsT HINTON, 


Zoological Laboratory, 
Cambridge, England 


This paper is one result of a study of the synopsis recently 
published by Mr. P. N. Musgrave (1935. Proc. Ent. Soc. Wash., 
37 (7) : 137-145) of the species of the genus /Telichus occurring 
north of Mexico. Though this synopsis is without question the 
best piece of systematic work so far published on any group of 
the North American Dryopidae, the writer’s findings disagree 
with it in some ways. 

My best thanks are due to Dr. A. D. Imms and Dr. K. G. 
Blair for their kindly criticism during the course of this work, 
and to Mr. P. J. Darlington, Jr., for a comparison of the gen- 
italia of the type of [/elichus productus Lec. with photographs of 
my drawings. 

On page 138 (loc. cit.) Mr. Musgrave uses a difference in the 
approximation of the antennae to separate Dryops from FHeli- 
chus, but, though this difference will separate the North Amer- 
ican representatives of the two genera, from a world viewpoint 
it is of little use, as many species of //elichus (e. g., I. gressitti 
Hntn. from the Oriental region and //. palpalis Hntn. from the 
Neotropical region) have the antennae as approximate as those 
of certain species of Dryops (e. g., the Palaeartic D. auriculatus 
Geoffr.). So far I have only been able to separate Helichus from 
Dryops on one character—the absence of a longitudinal sulcus 
on each side of the pronotum. The sulcus of Dryops is not 
always ‘‘deep cut’’ but may be rather shallow (e. g., the Neo- 
tropical D. ovatus Grouv.). 

In his recharacterization of J/elichus (p. 138, loc. cit.), Mr. 
Musgrave makes several statements which should be modified. 
The antennae are typically 1l-segmented but are often, as in 
IT. suturalis Lec., from 8— to 11—segmented; this variation being 
due to a tendency of the terminal segments of the pectinate club 
to fuse together. Mr. Musgrave goes on to say that the eyes 
are ‘‘never covered with long erect hairs,’’ but, in my judgment, 
the eyes of the majority of the species of both the New and Old 
Worlds are moderately densely clothed with long and erect 
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hairs. The mandibles have typically four distinct apical: teeth 
and a very well-developed prostheca. 

The species described and figured by Mr. Musgrave as 
Helichus productus Lec. (p. 140, loc. cit.) and said by him to be 
‘“so well known that it scarcely needs description,” is, in fact, a 
new species. For many years this new species of //elichus has 
been masquerading in numerous collections under the name of 
productus Lec. It is, however, separable from Leconte’s species 
on the structure of both the male and female genitalia. <A 
description of the new species is as follows: 


Helichus immsi Hinton, sp. n. 
(Figs. 1-3, 6 and 10) 


Male.—Length, 6.8 mm.; breadth, 2.62 mm. Elongate, subparallel, 
moderately convex. Dorsal surface clothed with an extremely dense 
matting (so dense that when specimen is not rubbed, the cuticle is not 
visible) of fine, cinerous to testaceous, recumbent hairs about 0.06 mm. 
long, and also clothed with moderately sparse, darker, recumbent hairs 
which are about twice as long and four times as coarse, each arising from 
the posterior portion of a granule; on head and prothorax the coarse 
hairs are longer and slightly denser. Ventral surface similarly clothed 
but with the hairs arising from the granules finer and shorter so that 
they often resemble the fine hairs. Cuticle dark rufopiceous to black, 
shining; apical segments of antennae, mouth-parts, and tarsi paler. 

Head with a narrow, moderately shallow pit on vertex; elsewhere 
without distinct impressions. Anterior margin of clypeus feebly arcuate. 
Anterior margin of labrum shallowly and arcuately emarginate at mid- 
dle. Surface of head with the granules round to obovate, slightly coarser 
than facets of eyes (0.025 mm. in diameter) to slightly finer and usually 
separated by one to two times their diameters; towards anterior portion 
of clypeus the granules become slightly more elongate; labrum with the 
granules similar to those of vertex but finer. When the hairs are rubbed 
off (as often happens naturally in the field), the cuticle is seen to be 
sculptured as follows: surface with usually round punctures which are 
a third to a fourth as coarse as granules and are confluent to separated 
by one or more times their diameters; on clypeus these punctures are 
much sparser; on labrum the punctures are separated by one to two 
times their diameters. 

Prothorax across broadest point, which is at basal two-fifths, nearly 
a fourth broader than long (2.00 mm. : 1.62 mm.) and base broader 
than apex (1.92 mm. :1.62 mm.). Apical margin, as seen from above, 
broadly and deeply, feebly arcuately emarginate for its entire breadth; 
apical angles moderately deflexed, acute; sides moderately arcuate, 
moderately converging towards apex and broadly and feebly sinuate 
before basal angles; basal angles acute, moderately strongly produced 
backwards and slightly outwards; base trisinuate, broadly and moder- 
ately deeply so on each side, narrowly and shallowly so in front of 
scutellum. Pronotum moderately evenly and strongly convex; surface 
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granulate similarly to head; when hairs are rubbed off, the cuticle is seen 
to be sculptured as follows: disk with the granules rubbed off, punctate 
as head but also with punctures which are about twice as coarse, have 
a raised border and are separated mostly by once to twice their 
diameters. 

Elytra about three times as long as prothorax (5 mm. : 1.62 mm.) 
and from base gradually broadening to broadest point which is at apical 
third (2.62 mm.). Humeri only feebly gibbous. Apices conjointly 
feebly rounded but the apex of each is feebly acute. Lateral margins 
nearly smooth or at most with a very feeble crenation due to granules 
(no larger than those of sides of elytra) on lateral margins. Surface with 
only the sutural and second striae noticeable; strial punctures of first 
two striae present on basal two-thirds (punctures of other striae not 
visible through the pubescence), usually round (often very poorly 
defined), usually a third to a half as broad as sutural interval and sep- 
arated longitudinally by once to twice their diameters; surface granulate 
throughout with granules generally similar to those of pronotum but 
slightly finer and more elongate. When the pubescence is rubbed off, the 
elytra, are as follows: striae up to and including six moderately dis- 
tinct nearly to apex; strial punctures on disk round to subquadrate, 
moderately deep, mostly about three-fifths as broad as intervals, and 
separated longitudinally by once to twice their diameters; towards apex 
and sides these punctures become sparser and finer; surface with the 
granules present, very densely and finely alutaceous, feebly and indis- 
tinctly rugulose. Scutellum flat, subovate, broader than long (0.42 
mm. : 0.32 mm.) and surface sculptured as adjacent elytral intervals. 

Ventral surface throughout granulate as elytra; when the pubescence 
is rubbed off, the surface is sculptured similarly to rubbed elytral surface 
but is without the fine rugae of the latter. Prosternal process strongly 
concave between front coxae and with a median, feebly elevated ridge 
extending from apex to a point opposite posterior seventh of front 
coxae. Metasternum with a complete, moderately narrow, and mod- 
erately impressed median longitudinal line. Apical abdominal sternite 
as densely pubescent as others; apex of apical segment with a broad, 
oval, shallow impression. Genitalia as figured (Figures, 1-3 and 10). 
Legs, except for inner surface of apical four-fifths of tibiae and most of 
middle of inner surface of middle femora, much more sparsely pubescent 
than elsewhere; femora very variably punctate but generally with two 
types of punctures as follows: coarse punctures about as coarse as gran- 
ules of abdominal sternites and separated by less than to three times their 
diameters; fine punctures generally (though there is much intergrada- 
tion) about a third as coarse and separated by once to four times their 
diameters; tibiae with granules mostly about twice as coarse as those of 
abdominal sternites and separated by less than once their diameters, the 
granules on the outer surface of the tibiae often so acute that they 
resemble short spines. 

Female.—Externally similar to male. Genitalia as figured (Fig. 6). 
Egg oval, smooth, 0.50 mm. long. 


Type: Male in the author’s collection. California: Glen- 
dale, VI-1931. 
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Paratypes: Numerous specimens collected in various local- 
ities from Central to Southern California; 17, Arizona: Prescott, 
VI-1896-1906; and 1, Texas: Brewster Co., V—3-1927 (J. O. 
Martin). Paratypes have been deposited in the collections of the 
following institutions and individuals: 10, Hope Department, 
University Museum, Oxford; 1, British Museum (Natural His- 
tory); 1, U. S. National Museum; 1, Museum of Comparative 
Zoology, Cambridge, Massachusetts; 1, Mr. Paul N. Musgrave, 
Fairmount, West Virginia; and 1, Mr. M. W. Sanderson, 
Lawrence, Kansas. 

Variations: The specimens before me vary in length from 
8.0 mm. to 6.0 mm. and to a proportional degree in breadth. 
The depression on the vertex of the head varies from the con- 
dition described above for the type to being scarcely noticeable. 
The most striking variations are, however, not seen unless the 
pubescence is carefully removed and then only on the pro- 
notum—the head, elytra, and ventral surface in my specimens 
being rather uniformly sculptured. Of the series before me, a 
male in my collection from California: Putah Creek, near Davis, 
1934, (R. L. Usinger), shows the most extreme variation in the 
sculpture of the pronotum, which is as follows: disk without 
granules, punctures round (without raised borders), 0.025 mm. 
in diameter or slightly less, and nearly contiguous to separated 
by nearly once their diameters. The female genitalia vary much 
in appearance owing to the great differences in the amount of 
sclerotization. 

Comparative notes: The female may be separated from all 
North American species by the structure of the genitalia which 
most nearly approaches that of /7. musgravet Hntn. of Mexico. 
It is interesting to note that the females of ¢mmsi and musgravei 
may be also readily separated if they contain eggs; the egg of 
musgravet being densely set with small projections, whereas that 
of immsi is smooth. The male genitalia are also different from 
those of any other North American species. On external char- 
acters only, I have not been able to separate this new species 
from H. productus Lec., H. confluentus Hntn., and H. propinquus 
Hntn. 


Helichus confluentus Hinton 


1935. Helichus confluentus Hntn., Pan-Pacific Entomologist, XI, 2, p. 71, 
Pl. I, Fig. E. 


In his key to the North American species of J/elichus Mr. 
Musgrave (p. 139, loc. cit.) separates this species from productus 
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(and immst) on the difference in the average length and on a 
difference in the proportions of the prothorax. Since one is not 
always sure of getting specimens of average length, and since 
specimens of productus and immsi are often found which are 
smaller than the average length, 6.5 mm., given for confluentus, 
the average length can not be used to separate the species. I 
have only two males of confluentus in my collection, and both 
have the prothorax similar in proportions to numerous spec- 
imens of productus and immsi. 





Fic. 13. Helichus suturalis LeConte, figured from 
type of Dryops elmoides Sharp. 


Helichus suturalis LeConte 
(Fig. 13) 
1852. Helichus suturalis LeConte, Proc. Acad. Nat. Sci. Phila., VI, p. 43. 


In his synopsis (p. 144, loc. cit.) of the genus Helichus Mr. 
Musgrave says, ‘‘The writer is of the opinion that there are at 
least two species in the material now listed as suturalis Lec., in 
spite of Horn’s statement (Trans. Amer. Ent. Soc. III, 1870, p. 
33) that gilensis, aequalis and suturalis all fit into one series.” 
I am inclined to agree with Dr. Horn’s statement rather than 
with Mr. Musgrave’s. Before me is a series of 281 specimens of 
suturalis ranging from Central California (lat. about 37° N.) to 
the Pacific slopes of Guatemala (lat. about 14°-15° N.) and show- 
ing a degree of variation which, to the best of my knowledge, is 
greater than that shown by any other species of the family. I 
have collected specimens in Mexico (lat. about 19° N.) at 9,000 
feet in cold, torrential streams and again in the same season and 
in the same latitude at 3,000 feet in much warmer, sluggish 
streams. 
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The species described by Sharp as Dryops elmoides from 
Guatemala (type, text-fig., 13) is nothing more than a variation 
of suturalis. 

I have been able to note three important secondary sexual 
characters of the male which have escaped the attention of pre- 
vious observers. They are as follows: (1) on each side of the 
prosternum a short distance in front of the front coxa is a group 
of about 30-50 very fine, usually about 0.25 mm. long (in a 
specimen about 4.5 mm. long), recumbent, pale testaceous hairs 
arising from an apparently undifferentiated area about 0.2 mm. 
in diameter; (2) on each side of metasternal disk nearly half 
way between middle and hind coxa there is a similar group of 
hairs; and (3) the longest spur of the middle tibia is bent at 
base at an angle of nearly 90° towards inner side. Peculiarly 
enough, these secondary sexual characters of the male are also 
found in H. lithophilus (Germar), and here too they have not 
been mentioned before. 


os 


Helichus fastigiatus (Say) 
1824. Parnus fastigiatus Say, in Long, Exped. II, p. 275. 

On page 139 of his synopsis Mr. Musgrave says of this 
species, ‘‘ . . . male with a dentiform process each side in 
front of and between hind coxae.’’ On page 142 he writes about 
this same process as follows, ‘“‘A small dentiform process is just 
behind and between each of the hind coxae.’’ Actually this 
dentiform tubercle is on the mesal margin of the coxa itself. 
Two additional secondary sexual characters possessed by the 
male have not been noted before. On each side of the pro- 
sternum in front of the front coxa is a group of hairs which is 
similar to that described above for suturalis but less dense and 
distinct. A similar group of hairs is found on each side of the 
metasternal disk nearly half way between middle and hind coxae. 


EXPLANATION OF PLATE 


Genitalia of Helichus immsi (Figs. 1, 2, 3, 6, 10), H. productus (Figs. 4, 5, 7, 
8,9, 12) and H. propinguus (Figs. 8, 11). 

1, Dorsal view of male genitalia of immsi. 2, Lateralviewof same. 3, Ventral 
view of apex of same. 4, Dorsal view of male genitalia of productus. 5, Lateral 
view of same. 6, Lateral view of half of the ovipositor of immsi. 7, Same of 
productus. 8, Same of propinquus. 9, Dorsal (?) view of the heavily sclerotised 
portion of ovipositor of productus. 10, Lateral view of paramere of immsi dissected 
off. 11, Same of propingquus. 12, Same of productus. 
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THE LIFE-HISTORY OF OSMIA LIGNARIA AND 
O. CORDATA, WITH NOTES ON O. CONJUNCTA'! 


Put Rau, 
Kirkwood, Mo. 


Both Osmia lignaria Say and Osmia cordata Robertson are 
present in the St. Louis region in fair abundance. Both species 
have a short adult life, and both appear early in the spring. 
They are not, however, contemporaneous, but the cordata follow 
close upon the heels of /ignaria. Both species have the habit of 
appropriating for their own nesting activities the abandoned 
burrows of other insects, which they first clean, and later par- 
tition into small rooms. There is diversity in the habits of the 
two species, however, in the kind of materials which they gather 
for partitions and plugs, for O. lignaria confines her choice to 
mud while O. cordata uses a leaf-paste. 

The fact that both species of bees use the abandoned bur- 
rows of other insects makes it quite easy to naturalize them in 
my dooryard, and thereby get an adequate supply of living bees 
for study very near at hand. One needs only to bring into the 
open shed at the end of summer the nests of the common mud- 
dauber, Sceliphron caementarium, that have been re-plugged 
with either leaf-paste or mud, or to bring in large clumps of clay 
containing the discarded burrows of the Anthophora bees that 
likewise have been resealed with the same materials. The stock 
thus introduced readily nests in nearby burrows, often in the 
same galleries from which they had emerged, and thus continue 
their life cycles year after year. These mud-nests and lumps of 
clay containing the immature Osmia bees are placed in an open 
shed where the emerging bees have full freedom of the flowers, 
mud-puddles, and open tunnels which they might use or disdain 
at their pleasure. Osmia cordata, for some unknown reason, has 
never become as populous as O. lignaria; the notes on cordata in 
this paper are therefore somewhat meager. 

In another respect the two species differ, for when an adult 
bee is picked up or when a cocoon is split open, thereby exposing 
a full grown Osmia ready to emerge, the bee emits a distinct and 
very characteristic odor. In cordata this odor is distinctly 


'T wish here to thank Miss Grace Sandhouse for identifying my local Osmia 
bees. 
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pungent, while in /ignaria it resembles a sweet smelling perfume. 
In both species, however, this odor is thrown off only when the 
insect is agitated. The odor probably has some significance in 
attracting the sexes for mating. 

In reference to the distribution of O. cordata and O. lignaria 
in the United States, I am permitted to quote from a letter from 
Miss Sandhouse who says, “O. lignaria has a rather wide dis- 
tribution as I have seen material from or references to its 
occurrence in the following states: Connecticut, New York, 
New Jersey, Pennsylvania, Delaware, Virginia, Kansas, Texas, 
New Mexico, Mississippi, New Hampshire, Missouri, California, 
Oregon, Utah, Maryland, Wisconsin, Illinois, Arizona, North 
Carolina, Montana, Ohio, Georgia, District of Columbia, Col- 
orado, Iowa, Idaho, Michigan, Indiana, Nebraska, Oklahoma. 
Osmia cordata is apparently more limited as I know it only from 
Illinois, Missouri, and Eastern Colorado.”’ Osmia lignaria has 
also been recorded as far north as Victoria, B. C., Canada 
(Sandhouse, Canadian Entomologist, March, 1925). 


THE NESTING HABITS OF DIFFERENT SPECIES 
OF OSMIA BEES 


The most conspicuous item in the lives of members of the genus 
Osmia is the wide diversity of nesting sites and nest structures. While 
many species use an already existing hollow in clay, wood, plant-galls, 
and snail-shells, others actually hollow out with their jaws their own 
tunnels in bramble stems or earth; still other species are masons in 
habit and gather mortar or mud with mandibles and legs with which to 
construct their new abodes. 

Not only do we find much variety in the type of nests that the 
various species build, but we also find that a wide range of materials are 
used for plugging doorways and for building walls. Most of our knowl- 
edge, however, is on the European species. Except for a few desultory 
notes published by American observers, little is known about the life 
history of our own species. Fabre? in France has done much to bring 
to light many of the intricate life histories of the European Osmias. 
He tells us that the Three-horned Osmia (O. tricornis) uses reeds, glass 
tubes, and snail shells for nesting purposes and that she employs soft 
earth for plugs and walls; Latreille’s Osmia (O. latreilli) nests in the 
galleries of the ‘‘ Mason-bee of the Sheds”’ but also can easily be induced 
to adopt horizontal reeds and glass tubes; the mothers chew leaves of 
some mucilaginous plant from which they prepare a green putty for 
nesting material; Osmia cyanoxantha makes her cells in the old hollows 
of the ‘‘ Mason-bee of the Pebbles”’ and closes the openings with a stout 
plug of ‘“‘concrete”’ which is made of a green paste and into which is 


Bramble Bees and Others, trans. by A. T. de Mattos, 1915. 
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imbedded bits of gravel, but for the inside partitions where fortifications 
are unnecessary, she employs only the unalloyed putty; the Golden 
Osmia (O. aurulenta) uses small shells exclusively and the putty which 
she employs for building material is made of felt composed of short 
white hairs which comes from plants that are rich in both mucilage and 
bristles; the Red Osmia (O. rufohirta) uses the shells of both the brown 
snail and the garden snail; the Green Osmia (O. viridana) uses the spiral 
staircase of Bulimulus radiatus and makes a plug of green putty; the 
Andrenoid Osmia (O. andrenoides) and the variegated Osmia (O. ver- 
sicolor) use the shell of the garden snail, while the Blue Osmia (0. 
cyanea) uses the old bee burrows in clay as well as galleries made by 
other insects in decayed trunks of willow trees; Morawitz’s Osmia (OQ. 
morawitzi) uses the old nests of mason-bees, while the Three-pronged 
Osmia (O. tridentata) disdains ready-made burrows and digs a channel 
with her mandibles in a dry bramble and then, for mortar for plugs and 
partitions, mixes a portion of broken pith with green leaf-paste; her 
habits are likewise shared by two other species of Osmia, O. detrita and 
O. parvula. 

Latter* says that O. rufa will sometimes nest in decaying wood, in 
crevices of old brick walls, while at other times they will burrow in the 
ground, and some mothers will even employ old snail shells. In the 
museum at South Kensington there is exhibited a flute within which 
O. rufa has constructed 14 cells; in another museum there is a door lock 
entirely filled with cells of this species. Concerning O. leucomelana, he 
says that the bee will tunnel its way into the pith of bramble stems and 
also dig burrows in the side of a sandy road. 

Bischoff! furnishes the following information on other species of Euro- 
pean Osmia: O. cornuta builds her own cells in Anthophora nests and 
also in depressions in stones, using sandy mortar for material. Several 
species, O. caerulescens. O. fulviventris, O. laejana, O. panzeri, O. nigri- 
ventris, and O. inermis, nest in rotting wood, loose bark, and in tree 
stumps; O. gallarum is known to be a dweller in oak-galls, while O. 
parvula which, as already stated, uses plant stems, also uses old Lipara- 
galls; O. rubicola is a rubus-dweller. The partitioning and plugging 
material used by O. aurulenta for her snail shells is chewed strawberry 
leaves; O. spinulosa closes the mouth of her snail-house with rabbit or 
sheep dung. O. bicolor deserves special mention because she builds a 
protective structure over her snail-house as follows: first she applies a 
special covering of sticky plant material and pine needles and later 
piles on little straws, tufts of moss, and other materials; then she places 
layer after layer on this foundation until the shell and its contents is 
completely concealed. In O. melanogastra the closing lid is made of 
chewed vegetable material without an admixture of earthy ingredients, 
but O. fertoni seems to avoid vegetable material; O. rufohirta imbeds 
quartz crystals in the closing plug which is made of chewed leaves, giving 
the plug great durability; O. fossoria builds only a single cell in a snail 
shell and then applies a covering made of masticated vegetable material 
which is later faced with a thick layer of bits of snail shell puttied 


3Bees and Wasps, pp. 76-77, 1913. 
4Biologie der Hymenopteren, pp. 232-235, 1927. 
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together with plant sap; O. rufigastra takes still greater care in the man- 
ufacture of her nest closure, for, first of all she spreads on the shell a thin 
covering of clear vegetable sap, then a layer of vegetable material which 
is followed by placing built-in fragments of snail-shell arranged flat one 
upon another; O. rufohirta has the unique habit of transporting her snail 
shell to a protected place either before or after the nest is built within it. 
The mothers of this species, as well as those of O. rufigastra, exhibit 
nothing short of intelligence when they add tufts of plant pulp to the 
shell thereby forming a rough place which permit the claws to grip it 
firmly during the process of transportation;® O. fossoria rolls her snail 
shell into an opening which she has dug in the earth, while O. rufigastra, 
which likewise digs a diagonal burrow and pushes her shell into it, will 
deepen the passage by digging under the shell. This digging is often 
done near the place where the shells are found, since the great weight of 
the shell with the Osmia nest inside hinders distant transportation; 
O. extenterata makes cell walls of a wax-like substance in Bulimus shells. 
Although Bischoff mentions no further details on habits of shell-using 
Osmias, he does mention the following additional species as being snail- 
shell using bees; Osmia stelioides, O. ferruginea, O. balearica, and O. 
pinguis. 

Bischoff cites further examples to show that several species of Osmia 
bees dig short passages in the ground or take over passages already 
existing there. He also states that O. iheringi builds in depressions in 
stone walls; that the nest of O. crenulata consists of a vertical passage six 
to seven centimeters deep at the end of which is a cell the walls of which 
are made smooth by the application of saliva; in O. papaveris the passage 
into the earth is either vertical or diagonal and the nest contains only 
one cell which is wall-papered with pieces cut out of poppy petals or 
with the ray-florets of corn-flowers. Ferton has discovered that O. 
saundersi Vach (annulata Latr.) clothes her cells at the end of a passage 
in the ground with little pieces of the ray-flowers of Centaurea micrantha. 
Among the petal-gatherers of unusual habit is O. lanosa which makes 
burrows in sand and lines the cells with cut portions of poppy flowers, 
but first the cell wall is covered with a thick paste made of chewed 
Scabiosa leaves upon which the poppy petals are later placed. In gath- 
ering this wall-papering material, /anosa has the extraordinary time- 
saving habit of folding the petal together with the legs before snipping it 
off. The mothers of this species use as door-material the pulp of masti- 
cated leaves which are later covered with dust. Another species, O. 
cristata, digs her burrows in the sand after the manner of O. lanosa, and 
with special protuberances on her mandibles is in position to get large 
masses of sand out at one time; O. cristata uses the flower petals of Malva 
silvestris exclusively and has the singular habit of crumpling the petal 
into a ball and severing it from the flower by a single bite. After being 
carried into the nest, the ball is unfolded and the layer is pressed against 
the wall; several layers are added, each being glued on with saliva. This 


5Hingston (Instinct and Intelligence, N. Y., 1929) quotes Ferton on Osmia 
tunensis which he says disdains all clean snail shells but only selects those coated 
with spots of mud, so that she may be better able to grasp them when transporting 
them to the chosen spot. 
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species is also ingenious in the method of closing the nest, for she erects 
a firm lid of two layers of masticated leaves with an intervening layer of 
‘“‘“cement”’ made of earth and little stones. In a manner similar to that 
of cristata, O. perezi cuts pieces out of the flowers of Convolvulus canta- 
brica which she uses in building the partitions of the nest. While O. 
villosa also has the wall-papering habit, she is not at all particular about 
the species of plant for she is recorded as being a patron of plants 
belonging to a half dozen genera. The nest of O. villosa is of “‘cement”’ 
and is built in holes in stones or in narrow crevices in rocks where only 
an insignificant amount of cement material is necessary. O. maritima 
constructs her cells in loose dune-sand and covers them with chewed 
vegetable matter mixed with sand. O. caementaria builds an extraor- 
dinarily strong independent nest with as many as eleven cells, and 
Friese describes a nest originating in Russia with 21 cells. O. xantho- 
melaena (fuciformis) builds little barrels of mud in the grass and also in 
rotten pine wood, with the closing plug made of mud; sometimes the 
entire nest is plastered over with chips and bits of decayed wood. O. 
adunca is said to build cells of sand grains in wood crannies; one observer 
found this species nesting in wooden posts. 

We have up to this point heard of the use of masticated leaves for 
walls and doorways. It will probably surprise the reader to know that 
certain species of Osmias build the entire nest out of vegetable pulp. 
Friese records that O. inermis builds cells on the underside of stones out 
of chewed leaves, and notes that several females cooperate in nest-building 
simultaneously. A large nest of O. emarginata was found by Verhoeff to 
be made up of chewed plant parts and was placed in a flat crevice 
between stones. In South Africa O. globicola uses resin as nest-building 
material; this species builds weather-resisting cells on the branches of 
the resinous Kar bushes, and the cells are truly little works of art. The 
matrix is composed of a quickly hardening resin which is applied in 
thick layers, and into this resin there is embedded small pieces of glitter- 
ing quartz. Another species, O. glutinosa, uses a gummy or viscous 
gelatine-like substance for building material and the nests are placed 
within the abandoned nests of other Hymenoptera such as Sceliphron, 
Chalicodoma, and Anthophora. 

There is a very wide range of nesting possibilities for solitary bees in 
general and Osmia, probably more than any other genus of bees, possess 
almost all of them. This we may have already noted from the foregoing 
account of the nesting habits of foreign species. In our own country, 
even though rich in Osmia species, the field has been all but neglected.® 
The little that has been recorded, however, is sufficient to show that our 
own species are as rich in variety of life histories as are their foreign 
relatives. Here at home also we see Osmias using abandoned burrows 
which they accept ready-made, and we too find them tunneling new 
burrows for themselves in pithy stems of plants; we find them burrowing 


‘Miss Sandhouse, an authority on the genus Osmia, writes: ‘‘A short time ago 
I had over two hundred names which had been used in Osmia with the narrower 
limits. However, that number will be reduced by at least half, since most of the 
species have been described from a single sex. On the other hand, we of course do 
not yet know all the species, particularly in the western states.”’ 
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in the ground as well as building nests of masonry, and as we shall record 
in later pages of using the abandoned shells of land snails. Like the 
European species, we find our own Osmias making walls and plugs of a 
variety of materials such as mud, resin, and leaf-pulp. 

Some of the authoritative records on the habits of the American 
species, besides those of O. cordata and O. lignaria whose life history 
details are recorded in this paper, follow: Hicks’ records that O. ben- 
nettae nests in sandy soil and O. bruneri nests in the old cells of mud- 
daubing wasps, and that both species use a green leaf-paste for parti- 
tions; for O. fulgida, which is found at an altitude of 9,000 feet, he records 
that it nests in holes in stumps and that the openings are plugged with 
small pebbles glued together with a green vegetable paste; the partitions 
are made of a thin layer of resinous material. He also found a nest of 
fulgida in a stem with a plug likewise made of pebbles and green plant- 
pulp, and at the bottom of the hollow were a number of pebbles glued 
together with the same material. He found that O. mandibularis builds 
in old tunnels of Anthophora bees and makes nest partitions of plant- 
paste of greenish color and sometimes even lines portions of the tunnel 
walls with this same material; O. novomexicana, Hicks further tells us, 
is a mason bee using mud as building material. 

Graenicher® says that Osmia pumila nests in dead branches of elder; 
that O. atriventris nests in pieces of dry bark and also in broken off 
pieces of dry branches; and O. simillima nests were found in small pieces 
of drift wood on the beach of Lake Michigan. He further verifies Hicks’ 
observations by saying’ Osmia novomexicana was taken on a nest con- 
structed of mud which contained six cells; the bee had begun a new cell 
when taken and it is probable “‘that this bee constructs a cell, provisions 
it, lays an egg, closes the cell and then starts another.” 

After reading this list of exceptional and sensational habits of nest- 
building by the various members of the genus Osmia, it will be rather 
tame reading to be appraised of the simple comings and goings of my 
local species, Osmia lignaria, O. cordata, and O. conjuncta. However, 
these three species with their somewhat insignificant life histories are 
important in the scheme of the evolution of nest-building habits in this 
genus. Beginning with the bee that makes a very simple nest in a 
hollow reed, through the series step by step, to the species that has so 
complex a building method as to make masonry cells out of resin, or to 
the one that imbeds shingles or pebbles in her mortar, my own three 
species each fill a niche somewhere in the evolutionary scheme of nest- 
building, as the account of their life histories in these pages will reveal. 


SNAIL-SHELL OSMIAS IN THE UNITED STATES 


We have seen in the foregoing pages that there is a good deal of 
similarity both in architecture and in the kinds of construction materials 
used by the bees of Europe and those of the United States. The excep- 
tion, as we find it thus far in the literature, is that there are no records of 


7University Colorado Studies; Sept., 1926. 
’Bull. Wisc. Nat. Hist. Soc., 4; 153, 1906. 
°Bull. Wisc. Nat. Hist. Soc., 3; 153, 1905. 
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a shell-using Osmia in the United States. In Europe one finds so many 
species showing a preference for empty snail shells that they have earned 
for themselves the name of ‘‘ Helicophyle Osmias.”’ 

Under these conditions one is justified in expecting to discover 
snail-shell using Osmias in this country. We have recently realized this 
expectation, and the credit for discovering a snail-shell species of Osmia 
here belongs to two St. Louis naturalists, Mr. L. A. Pinkus and Rev. 
J.P. Schmucker. Both sent me specimens which they reared from snail 
shells and which were later submitted to Miss Grace Sandhouse for 
naming. They were identified by her as Osmia conjuncta The shells 
from which they were reared were identified by Mr. W. K. Greger as 
Pyramidula solitoria. The material consisted of about a dozen bees 
which emerged about April 8, 1935, from shells gathered in the south- 
western part of St. Louis by Father Schmucker, and one specimen which 
emerged March 17, 1934, in the laboratory of Mr. Pinkus from a snail 
shell of the same species taken at Ranken, St. Louis County, Mo.” 

In the one shell that I have been able to examine there remained on 
the interior walls only small bits of the material which was used for 
partitions; this, however, was sufficient to show that the walls were not 
made of mud but resemble very much the leaf-paste used by Osmia 
cordata. 

That O. conjuncta is fairly well established in St. Louis County was 
indicated by the fact that a half dozen or more were taken in an 
hour’s collecting at the blossoms of white clover or glencoe on May 26, 
1935. 

In regard to this species, Miss Sandhouse writes: ‘‘The species is 
O. conjuncta Cresson. It was placed in Diceratosmia by Robertson. I 
was interested in your account of its nesting habits, as it confirms my 
placing of the species in a sub-genus on structural characters. This and 
several other species are very like some Palearctic species placed in 
Helicosmia and Chaleosmia, the former name suggested by their occu- 
pation of shells of species of Helix. The matter is not fully settled so, for 
the present, I am using just Osmia without subgeneric designation.” 


ECOLOGY OF O. LIGNARIA AND O. CORDATA 


From time to time, previous to 1930, several individuals of Osmia 
lignaria were seen nesting about the clay bank at my home; in early 
April of that year the population suddenly gave evidence of having 
increased enormously. I could account for this increase in no other way 
than that they had been introduced with the large sections of the clay 
bank that I had brought into my yard from Wickes, Missouri a few 
months previously. These masses of clay harbored wintering wasps 
and bees of other species, but I had not expected to find any /ignaria 
bees there because in my study of this clay bank in its original location 
(‘The Ecology of a Sheltered Clay Bank; a Study in Insect Sociology.” 
Trans. Acad. Sci., St. Louis, 25: 157-277, 1926.) the lignaria bees had 


'OMiss Sandhouse, however, has a specimen of Ashmeadiella which was reared 
from a snail shell. She writes that A shmeadiella is a bee of the subfamily Osmiinae 
and is ‘‘considered to be near Heriades; that is between Heriades and Osmia."’ 
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appeared only in the last two years of the observations and then only in 
very small numbers. In that work covering a period of five years, 1917 
to 1921 inclusive, observations on the clay bank showed that these bees 
first appeared in 1920 and then again in 1921, but each time only a half- 
dozen mothers were nesting in the old burrows. 

Not knowing how else to account for the rise in population in the 
spring of 1930 than from the clods of clay brought in during the previous 
autumn, I concluded that the Wickes population must have increased 
enormously since 1921. In order to verify this conclusion, I at once vis- 
ited the clay bank at Wickes, twenty-two miles distant, on April 11, 
1930, to see to what extent the O. lignaria population in the remaining 
portions of the bank had multiplied. There I was surprised to find 78 
mothers at work nesting in the old burrows. When I reached home 
again I counted 38 mothers industriously at work there, which made a 
total population (females only) of 116. Thus we see that the six mothers 
in the 1921 population had given rise to a population of twenty times 
that number in a period of nine years. We do not know what spells of 
good fortune or what vicissitudes the bees may have encountered to so 
influence their decline or rise of population, but it is of great interest 
to know that in this microcosm, regardless of how it may have come 
about, nine years were required to raise the population of mothers from 
6 to 116. 

While each mother of both lignaria and cordata make independent 
nests, they give the appearance of being extremely gregarious. This is 
because they do not wander far from the places of their birth to found 
new nests; and since each mother lays a about dozen eggs, a strong 
colony is built up after a few years. All mothers, however, do not cling 
tenaciously to the old home-site; some few wander away to new fields; 
occasionally a solitary mother is found nesting at a distance alone and 
away from the tribe. 

Both species are robust bees that become adult in autumn but spend 
the entire winter within their cocoons. When adults are cut out of the 
cocoon in February and placed in a cage, they live for several weeks. 
They feed freely on diluted honey, and at the end of the day crawl into 
one or another of the empty cells of a mud-dauber’s nest. Rays of light 
directed upon them in their sleeping quarters, even at mid-night, quickly 
arouses them to flight—to feeding—and to mating-activities. 

In the spring both sexes emerge almost simultaneously and, after 
mating, the mothers begin nest-building. 

In both species, the males have a somewhat shorter length of adult 
life than the females; and even before their season of five or six weeks has 
passed many females have spent their lives and disappeared. Sometimes 
dead females are found on the ground in front of the nests and sometimes 
Xylocopa mothers in their renovating activities kick out a newly dead 
Osmia. 


DATES OF EMERGENCE 


Both species of bees are spring fliers; O. lignaria arrives first and 
when its adult life has run its course, O. cordata makes its appearance. 
Both species have a life duration of about five or six weeks. The follow- 
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ing table gives the dates when they were first seen and also the dates of 
disappearance from their nesting burrows in the open shed at Kirkwood. 


Osmia lignaria Osmia cordata 





Year ‘ “ | : comet 5y e a % - 
First Last First Last 
Appearance | Appearance || Appearance | Appearance 

1928 ~.| pel 1 
1929 cab eig eaewa eo cnet aig oe alates 
1930 ; Mar. 21 April 26 May 2 
1931 April 4 May 17 ||. Se CRG ewe eRe 
1932 .| April 5 May 14 ; Sete June 5 
Ns K0.n Cd sk ees, Ow HE ERE Re weed) MEER MOWED spa hGlenieaaabeawicwn Veen. 
1934 ..| April 2 | May 15 ce d aiatacigtaet ara 
1935 .| Mar. 22 April 28 April 27 May 30 
1936... ..ss| Baar. 26 


25 May 2 April 22 


Thus the seven annual populations of O. lignaria emerged between 
March 21 and April 5, and their lives were all spent by April 26 to May 
17; a short life and, we hope, a happy one! 

The data for O. cordata, however meager, shows sufficiently well that 
these bees come upon the scene at about the time of the disappearance 
of O. lignaria, and about five weeks after lignaria’s first appearance. 
The length of life of the adult female cordata is also about five weeks; 
from the end of May or early June they are not again seen until the 
next year. 


NESTING HABITS 

Osmia bees, as is generally known, are not unique among the 
aculeate Hymenoptera in their use of ready-made burrows for nesting 
places; the two species here considered are among a large number that 
follow this habit. The nests of cordata and lignaria occur in the tunnels 
of two species of mining bees, Anthophora abrupta and Entechnia taurea; 
the carpenter-bee, Xylocopa virginica; the abandoned mud cells of the 
wasps Sceliphron caementarium and Trypoxylum politum. Osmia bees of 
both species have nested in key-holes in my house and in artificial holes 
made horizontally in boxes of clay. Both species seem to prefer galleries 
that are in a horizontal position. My bees seem to have the same aver- 
sion for vertical hollows as did certain Osmias in France, so ably described 
by Fabre. Both species appear to avoid nesting in woody stems, such as 
are enjoyed by many other bees. I have often placed hollow reeds about 
their nesting places, but they have never accepted them. While they 
seem to have an aversion to tumbling headlong downward into a vertical 
hollow stem, they do not disdain vertical hollows which may be entered 
from below. Both lignaria and cordata appropriate for their own 
offspring the paper nests of Polistes wasps whose cells hang downward 
with the opening below. Each Osmia mother makes from two to four 
rooms in each paper cell, plugging them with mud or leaf-pulp according 
to the species. 

The mothers of both species usually clean the old cells thoroughly 
before using them, whether they be the mud-daubers’ cells, the mining 











1937 Rau: Life Histories of Osmia 333 


bees’ tunnels, or the cells of the Polistes paper wasps. Sometimes an old 
Polistes nest is found containing cells resealed by three species of 
Hymenoptera: O. cordata, O. lignaria, and the wasp Trypoxylon cla- 
vatum. The mothers may sometimes be seen kicking out dust and derbis, 
and one may often find a small pile of rubbish below the entrance of the 
nest. In their housekeeping habits they often exhibit individual traits. 
For instance, I have a record of a cordata mother sweeping all of the dirt, 
including the cocoon from which she had emerged, to the rear of the cell 
and building a pulp wall in front of it instead of following the usual 
method of kicking the rubbish out of doors. In several instances, when 
lying on the grass in front of the nests, I have seen mothers drop 
load after load of dust in the air as they flew out. On several occasions 
I have seen lignaria bees actually bring in mud and apply a light veneer 
to the inside of a Polistes cell that she was preparing for her own use. 
Also, these lignaria bees have been seen to bite away the annoying, 
partly attached paper caps left by the emerging Polistes wasps; in doing 
this their jaws made a rasping sound. 

Beyond the choice of similar sites for their homes, these two species 
follow different courses in their nesting activities. As already stated, 
O. lignaria uses mud for partitions and plugs, while O. cordata uses sub- 
stances compounded of vegetable materials which is reinforced with 
plant hairs. Figures 2, 3, and 6 illustrate the work done by lignaria; 
Figure 2 is the underside of the pipe-organ nest of Trypoxylon politum 
showing the mud partitions and cocoons made by lignaria; Figure 3 
shows the cell of a mud-dauber’s nest with roof removed and reveals the 
work of partition-building by lignaria; Figure 6 is a horizontal tunnel 
artificially made in a box of clay and likewise opened to show the walls 
of mud made by lignaria. We have examples of the leaf-paste work of 
cordata in Figures 1, 4, and 5; in Figure 1 we see the nest of the mud- 
dauber, Sceliphron caementarium, re-used by cordata and the openings 
plugged with leaf-paste. The plugs, for the most part, are uniform in 
size because the openings left by the wasps are uniform, but the volumin- 
ous plug in the lower left hand corner reveals, at least, that Osmia 
mothers are sufficiently plastic in their behavior to meet intelligently any 
unusual emergency. In Figures 4 and 5 we see cells of mud-daubers’ 
nests with the tops removed to reveal the work of partition-making with 
leaf-paste. The latter two figures will be discussed in detail in later 
pages. 

The lignaria bees at Wickes were observed to get mud from a wagon 
rut three feet from their nests, but here at Kirkwood, even though I 
spread out inviting pans of select mud, my lignarias went off to some 
unknown spot for their plaster. But, to save my pride, let me say that 
Sceliphron wasps came even from other neighborhoods and carried away 
great quantities of my brand of mud. The cordata bees use a leaf-pulp 
for plugs and partitions, which when freshly made, is of a dark brown 
color often intersperced with blotches of gray, green, or red. When the 
plugs and partitions are old they become very dingy in color and have 
the appearance of having been made of a resinous substance as may be 
seen in the fine series of plugs in the Sceliphron nest shown in Fig. 1. In 
fact, the material was so finely knit and so closely textured that I had 
thought of it for a long time as resin, and called it so in my manuscript 





334 Annals Entomological Society of America |Vol. XXX, 


notes. However, Dr. Edgar Anderson of Missouri Botanical Garden, 
who very kindly examined the material microscopically, says that both 
plugs and partitions are made of a paste of leaves. He further says in 
his report, ‘‘The material has been finely macerated and includes hairs, 
epidermal cells, raphids from interior cells, spiral thickening from water 
vessels of the leaf, etc. In one plug there is material from at least four 
kinds of leaves, but it is interesting to note the complete absence of 
bark and the pith of any cells which might have come from woody stems. 
There are a good many pollen grains of various species but not more 
than would be expected in the case of a pollen-using insect. It is possible 
that plant gums or resins may have been used along with the leaves, 
but there is no evidence of it.” This examination definitely places 
cordata as a user of leaf-pulp; this habit we also find among certain other 
species of the genus although we find too, as already stated, that some 
members of the genus are collectors of resins for nest-building purposes. 

Lignaria carries the mud in her jaws when going to the nest; probably 
cordata carries her ball of pulp the same way, but I have never been able 
to observe the method. With the mud or leaf-pulp thus gathered, the 
plugs at the door-way and the walls between the rooms are built; dignaria 
builds very definite and clear cut mud walls as may be seen in Figures 2, 
3, and 6, while cordata with her leaf-putty makes them less regular in 
shape and not of even thickness, as may be seen in Figures 4 and 5. 
Lignaria makes her partitions about 1/16 inch thick and her plugs at 
the door about 1/8 inch with slight variations either way. The parti- 
tions made by both /ignaria and cordata are worked smooth on the out- 
side but remain rough at the back where the worker cannot reach. In 
some extreme examples the walls made by cordata seem almost to have 
been built around the cocoon and gives no semblence of being a partition 
wall at all. 

This may be caused by the movements of the larvae about to pupate 
whose restlessness would mould into an odd shape the soft pulp of the 
wall. It seems possible that pliable material of this type would readily 
conform to the movements of a larva, especially if the larva is in close 
quarters. Cordata usually, but not always, has an unoccupied vestibule 
near the doorway. This vestibule varies in length from 1% to 4 inch. 

Both species gather pollen and carry it on the stiff hairs on the under- 
side of the abdomen. This they later mix with nectar to form bee-bread. 
There is no difference in the method of transporting the material in the 
two species, but there is a decided difference in the consistency of the 
mixture prepared by the two species; lignaria uses a small amount of 
nectar and fashions an almost dry, crumbly, cylindrical loaf of bee 
bread, while cordata uses nectar more liberally in the concoction and 
produces a gummy, sloppy, strong smelling paste of a dirty brown color 
which fills a portion of the cell in a shapeless mass. 

The loaves made by /ignaria are usually of the color of the predom- 
inating pollen used, sometimes entirely white, yellow, or green which, of 
course, indicates that often only one certain species of flower has been 
exploited. In cordata the large amount of liquid material in the mixture 
neutralizes the color to a dirty brown and the pollen grains lose their 
identity. Occasionally, by way of variation, a lignaria mother will 
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bring in her store of pollen and pack it tightly against the wall in a very 
haphazard fashion instead of shaping cylindrical loaves. 

I have not noted the position of the egg on the very wet food supply 
of cordata, but in all cases observed for lignaria, the tip of the egg is 
imbedded in the loaf and stands free in mid-air in a horizontal position. 
I say “‘imbedded”’ but I might even say ‘‘cemented”’ because it is placed 
there so securely that moderately rough handling does not dislodge it. 

I have no record of the plants visited by cordata, but in the early 
spring the lignaria bees visited the willow blossoms, Salix caprea L., 
in abundance and the inconspicuous, almost semi-concealed flowers of 
the gill-run-over-the-ground, Nepeta hederacea. It was noted that the 
spring beauties, Claytonia caroliniana, blooming in abundance at the 
same time nearby did not attract them at all. When by good fortune. 
the cultivated Weigelia (Diervilla japonica) flowered unusually early, 
many lignaria bees were attracted to it. A few specimens were seen 
foraging on the flowers of the dandelion, wild blackberry, and wild 
gooseberry. It does not take lignaria long to gather her pollen; on one 
occasion when three foraging expeditions were timed, it took one mother 
from 7 to 12 minutes to make the round trip and bring in a load. It is 
interesting to see that when the bees are laden with pollen they tumble 
so quickly into the burrow that it is difficult to observe the color of their 
load. When they return empty handed they often spend a little time 
buzzing in front of the burrows before they enter. 


TEMPERATURE AND LIGHT 


The mothers of both species love the sunshine and on sunny days 
may often be seen at work as early as 6:30 in the morning. Many 
lignaria bees nest in the Anthophora tunnels in two open sheds, one 
facing east and the other south. The first bees to become active in the 
morning are those in the bank which faces east and, therefore, the first 
to receive the sun’s rays; later when the other bank gets into the line of 
sunshine we see the beginning of activity there. However, I have notes 
which indicate that conditions of light more than that of temperature 
influences their activities. For instance, no Osmia bees had left the 
burrows on April 10, 1932, when the day was cloudy and very dreary 
and the temperature hovered around 55° F. Two days later the tem- 
perature had dropped to 44° F. at 8 A. M., but the morning was bright 
and sunny and already dozens of lignari bees were actively on the wing. 
Another record a week later, April 17, 1932: the temperature was around 
52° F. up to 11 A. M., but the morning was cloudy and dreary and no 
bees were out, but on another occasion a little later (the date I omitted 
in recording) even though the temperature had dropped to 46° F. but 
with an abundance of sunshine, many lignaria bees were to be seen on 
the wing. 

The response of the bees to light may leave a tinge of mystery as to 
how the bees deep down in their burrows can so readily perceive grada- 
tions in the conditions of light. It is no mystery at all, for the bees are 
not deep down in the burrows at that time of the morning; they wake 
early and take a position of watchful waiting in the doorways where 
they may readily be influenced to activity by optimum light conditions. 
Females do not assume this position alone; the males also behave this 
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way. The males may be seen on almost any morning in the doorways of 
their bachelor quarters in the Xylocopa tunnels where they pile them- 
selves one on top of another, often three to six high, waiting for certain 
conditions of sunlight to stir them to activity. 


EGG, LARVAL, AND PUPAL STAGES 


The larvae are tough creatures and can withstand a lot of rough- 
and-tumble handling. A young lignaria larva removed with its pellet of 
bee-bread to a cardboard box or placed on a bit of cotton will withstand 
this ordeal, go through its feeding activity, spin its cocoon, and finally 
emerge next spring as an adult in an apparently normal fashion. 

I opened three cells of cordata on June 4, 1930, and found all had 

‘finished feeding and had completed their cocoons. For O. lignaria I 
have the following data: five larvae spun their cocoons on their bed of 
cotton between May 23 and 26, 1930. It is interesting to note that they 
remained in their cocoons on this cotton in a cardboard box in the 
unheated laboratory all winter and five adults (3 females and 2 males) 
emerged the following year between April 4 and 10. 

Two eggs laid by one mother, April 20 and 21, had a period of incu- 
bation of 10 days; one of the larvae soon died and the other had a larval 
period of 30 days, spinning its cocoon on June 1. They complete their 
pupal transformations within the cocoon before autumn; if one opens a 
cocoon in early winter, one finds the fully formed winged adult ready to 
walk out. In fact, I found a fully formed adult when I cut open an 
O. cordata cocoon in August and I elsewhere record finding an O. lignaria 
already adult in its cocoon on September 16."! 


COURTSHIP AND MATING HABITS 


The courtship behavior is only conspicuous when the population is 
large, but even when it is small one can occasionally see several males of 
lignaria flying about in the sunshine haphazardly chasing one another, 
and sometimes chasing a female. It is interesting also to see many 
lignaria heads peeping out of the openings and trying to decide whether 
or not to fly out. Eventually they all do fly into the air and circle about 
one another, one here and there, stimulating a lazy bee to join the 
throng by flying down and bumping it repeatedly. Mating, however, 
was never seen to take place while the bees were in flight but only while 
they were at rest on some solid surface as may be seen from the following 
incidents: 

The willows, Salix caprea L., in my yard had a blooming period in 
1928 from March 20 to April 3. On April 1 I noted a dozen single bees 
and eight mounted pairs at rest among the blossoms. The latter had 
males mounted on the backs of the females without actually mating, 
although in a few cases the males did try to gain entrance. I watched 
one male struggle to mate for half an hour but he had no success. At 
one time in despair he slowly walked up the back of the female and tried 
desperately to copulate under each of several dorsal segments. At 
another time I saw a female with a male on her back; he tried for five 
minutes to gain entrance, but the female deftly buried the tip of her 


1Journ. Animal Behavior 6:40, 1916. 
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abdomen into the dust, and when this did not cause him to dismount 


she slowly walked under a clod and forcibly brushed him off as she 
entered the small opening. 


PROPORTION OF SEXES 


It is always interesting to record the proportion of sexes in any pop- 
ulation of organisms. In the table on page 340 I show the size of the 
cells and the sexes of the insects that emerged from them. We have 
there concluded that the large rooms have given forth females and the 
small one males. On this basis the 403 lingaria cells have given forth 
200 females and 203 males—a proportion that is almost equal. On the 
other hand, when the sex was noted of lignaria bees that emerged in the 
laboratory in 1936, the males were in excess; the eighteen adults were 
composed of seven females and eleven males. The same larger propor- 
tion of males holds for Osmia cordata, for when several nests gave forth 
+1 adults in 1926, I found the ratio to be 29 males to 12 females. 


SLEEPING HABITS 


The female bees sleep in their nests at night and also remain indoors 
on dull days. When they were kept in a large wire insect cage, it was 
noticed that before nightfall both sexes would crawl into the empty cells 
of the mud-dauber’s nest from which they had emerged as adults. They 
would also retire into these cells at any time during the day if the cage 
was darkened. I found that the gregarious males prefer the company of 
each other at night, and several of them would tumble into any one of 
the open Xylocapa burrows as darkness approached. 

One finds that lignaria, as well as cordata, make from three to seven 
cells (according to the sex of the occupant) in each mud-dauber’s cell. 
When the weather is fine a mother can often provision a cell, lay an egg, 
and build a mud-partition in a day. She often has a vestibule in which 
to spend the night and she usually sleeps as far from the entrance as 
possible; but when the vestibule becomes small and she must of neces- 
sity sleep near the opening, she curls her abdomen in such a way that the 
rounded dorsal portion snugly closes the doorway and thereby seals it 
securely. To do this, she sleeps on her back with her feet in the air, her 
wings flat on the floor, her abdomen grotesquely curled upward, and she 
transforms her body into a plug. If the opening of the cell is too large 
the contrivance is a farce, because her body can cover only a small 
portion of the hole; however be the doorway small or large, she always 
does her best to close it at night. When /ignaria’s tube is filled and 
before she finds a suitable place for the next nest, she sleeps in one of the 
empty mud cells nearby. 

STING 

When a female /ignaria is picked up in the fingers it attempts to bite 
and also to sting. The sting does not penetrate the skin of a finger, but 
on one occasion when I was stung in the palm of my hand, the pain while 
sharp, lasted only a few minutes. On another occasion I caught a 
female in the palm of my hand while she was on the wing; holding her 
tightly I received a sting which was penetrating and sharp, lasting about 
ten minutes. 
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PARASITES 


Both lignaria and cordata are early fliers in the spring; they are also 
short-lived as adults. These two conditions make it possible for them 
to escape many of the parasites that infest other species of bees that 
come late in the season or live for longer periods. A comparison worth 
citing are the mining bees, Anthophora abrupta and Entechnia taurea, 
which succeed one another in clay banks. A. abrupta adults come early 
in the spring, live about a month, (until the end of June) and suffer from 
fewer parasites than the long-lived E. taurea which comes later and lives 
longer.’ So, here too, we find the Osmias escaping a host of dipterous 
and hymenopterous parasites from which they would suffer should they 
come later in the season or live for longer periods. 

Even though vernal flyers, Osmia bees do have their enemies. On 
May 7, 1930, I opened three cocoons of cordata taken at Sullivan, Mis- 
souri, and from each cell obtained from four to six Chalcid parasites, 
Monodontomerus montivagus Ash. [A. B. Gahan], already fully developed 
and ready to fly. A few days later nine specimens of the same or a near 
species in the pupal stage were found in a cocoon taken near my home. 
When these became adult they were identified as Monodontomerus sp., 
by Mr. C. F. W. Muesebeck. Two bees of lignaria were taken on the 
clay bank at Kirkwood on the morning of April 6, 1930; each had the 
thorax covered with what appeared to be a daub of dull red paint. When 
this was examined under the lens I found it to consist of several layers 
of mites. The two bees so covered were males and in the afternoon a 
female was taken that was likewise covered. These specimens were 
submitted to Dr. H. E. Ewing who wrote that they are nymphs of 
a species of Trichotarsus of the family Tyroglyphidae. 

These are the only enemies of Osmias that I have so far been able to 
record, except that on one occasion an ant, Formica fusca subsericea, 
was seen carrying off a half dead male of lignaria. 


THE SEX OF O. LIGNARIA IN RELATION TO THE SIZE 
OF THE CHAMBER 


The size of the brood chambers in relation to the sex of the young is 
of great interest. I have one observation in this connection on lignaria. 
In a three-celled nest that I opened, I found a pellet of bread in each cell 
with an egg attached. I expected the eggs to be all of one size since all 
were deposited within a period of two days, or if there was to be any 
variation in size, I expected the first one deposited to be the largest, since 
it had had a longer time in which to grow. This was not the case, how- 
ever, for the second one was the largest. This large size coupled with the 
fact that it was placed in the largest cell of the three, led me to suspect, 
that consciously or unconsciously, the mother was giving this egg which 
later developed into a female, plenty of room in which to grow. 

This detail, of course, recalls the magnificent work of Fabre" on 
Osmia bees and his studies of the relation of the size of cell to the sex of 
the occupant. He finds, for instance, (p. 79), that when the Three-horned 


2Trans. Acad. Science, St. Louis, 25: 157-277, 1926. 
13Bramble-bees and Others, Trans. A. T. DeMattos. 








1937] Rau: Life Histories of Osmia 339 


Osmia (0. tricornis) nests in horizontal reeds or glass tubes they place the 
mud partitions at unequal distances. “It is these distances which fix the 
size of the chamber * * * * and consequently unequal holding capac- 
ities; the bottom portions, the oldest, are farther apart; those at the front 
part of the orifice are closer together. Moreover, the provisions are 
plentiful in the loftier cells, whereas they are niggardly and reduced to 
one-half or even one-third in the cells of lesser height. They prove only 
one thing—the marked tendency of the insect to shorten the distance 
between the party walls as the work proceeds. The larger cells are des- 
tined for the females and the smaller ones for the males.”’ Again (page 
108), ‘“‘The conclusion is definite; the laying of the Three-horned Osmia 
consists of two distinct groups, first a group of females and then a group 
of males.” 

Fabre finds the same condition to hold for Latreilles Osmia (O. 
latreillii) and also for the Horned Osmia (O. cornuta) for he says,(page 
109) ‘‘With both these Osmiae the division of the gallery is the same as 
with the Three-horned Osmia. At the back are large cells with plentiful 
provisions and widely spaced partitions; in front small cells with scanty 
provisions and partitions close together. Also, the large cells are sup- 
plied with big cocoons and females; the smaller cells gave me little 
cocoons and males. The conclusion, therefore, is exactly the same in 
the case of all three Osmiae.”’ 

What Fabre has discovered for the three species of Osmia in France 
I have been able to observe for Osmia lignaria in boxes of clay which I 
prepared and placed in my back yard. Fabre, however, has gone much 
further in his observations than I have gone, for he was able to show that 
not only does the mother Osmia know when to make a large or small 
room, when to provision it plentifully or niggardly, but she also knows 
the sex of the egg she lays, for she always lays a female egg in a large 
compartment and a male egg in a small one. After several years of 
patient experimenting he says (page 80), ‘‘So as to be able to give each 
larva the amount of space and food that suits it accordingly as it is male 
or female, the mother can choose the sex of the egg which she is about to 
lay. To meet the conditions of the building which is often the work of 
another, or else a natural retreat that admits of little or no alteration, she 
lays either a male egg or a female egg as she pleases. This distribution of 
the sexes depends upon herself. Should circumstances require it, the 
order of laying can be reversed and begin with males, lastly the entire 
laying can contain only one sex. The mother must know the sex of the 
egg which she is going to lay. She must be able to choose the sex of that 
egg so that each larva may obtain its proper portion of food.”’ As I have 
already stated, I have no data to prove that the mother lignarias in this 
section of the world know the sex of egg that she deposits, but I am able 
to present evidence which will show that like her sister species in France, 
our Osmia lignaria first makes a series of large cells followed by a series 
of small ones and that the large ones contain female and the small ones 
male bees. 

The data on which I base this statement came from an examination 
of 48 nests of Osmia lignaria. These nests were built in artificial hori- 
zontal tunnels in two boxes of solid clay. Several years ago a few wooden 
boxes, size 12 x 12 x7 inches, were filled with wet clay tightly packed, 
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and into this clay many burrows were made by ramming an iron rod 
into it at various places, producing a series of tunnels measuring 3/16 
and 3/8 inches in diameter. Many of the lignaria bees left the Antho- 
phora nests nearby and nested in these artificial tunnels and continued to 
use and re-use some of them from year to year. In February of this year 
the contents of two of the boxes were examined. This was done by 
removing the square of clay from the box and with brush, water, and 
knife, the soil was slowly scraped away until a tunnel, then or formerly 
occupied by a bee, slowly came to view. This was then examined and 
measurements of the cells were made. The two boxes proved to have 
48 tunnels that were used by the bees, giving data from which the 
table (p. 340) was compiled. 

The length of the burrows varied between 4% and 7 inches. The 
mud partitions or remnants thereof made by /Jignaria were always pres- 
ent so that exact measurements of each cell could be made. In the table, 
columns 4 to 17 show the size of each cell in sixteenths of an inch; the 
figures in column 4 are measurements of the last cell made by each 
mother, and as one studies the figures for each nest by glancing to the 
right, one comes to the first cell made by each mother. For example, in 
nest 41 we find the length of the tunnel to be 6 inches; the next column 
we find the figure 4%, which indicates that the rear % inch of the tunnel 
was walled up to entomb any rubbish that was in the tunnel; in column 
3 we find Figure 11 which indicates that 11 cells were made in this 
tunnel; the numbers in the columns that follow represent the length of 
each cell in 1/16 of an inch from the last cell made (column 4) to the 
first cell made (column 14). 

One soon perceives by looking at the table that the number of cells 
in each tunnel (and evidently one tunnel was used by each mother) 
contained from 3 to 14 cells and that the sizes of the compartments 
varied from 4/16 inch, the smallest to 12/16 inch, the largest; and if one 
looks further across the page (columns 4 to 17) he will conclude that all 
the small cells are near the orifice and that the large cells are at the rear 
of each tunnel. He will be impressed by the fact that the first cells made 
in each nest are large ones and this is followed by a series of small ones.“ 
An examination of the table shows that the 48 tunnels gave 403 cells for 
study. All of the 403 cells with only 11 exceptions fall naturally into 
small ones near the opening and large ones toward the rear. In other 
words, each mother starts off her series of cells with large ones and ends 
it with small ones. What makes the results so fascinating is the fact that 
our lignaria bees in this respect behave no differently from the three 
species in France so ably described by Fabre; the bees of France, as 
already stated, start off the series with large cells and end it with small 
ones, and also just as Fabre’s Osmias use large cells for females and small 
ones for males, so I too have found that lignaria bees possess the same 
propensities. In course of my examination of the cells, I was fortunate 


The only exception is nest No. 1. Here in a short tunnel we find three small 
cells. This set is not a series of first layings, but probably the last work of a 
mother that completely filled a long tunnel elsewhere in the block. Strength is 
added to this supposition since the three to emerge were males, and also to the 
fact that in France Fabre found that this same condition occurred for his Osmias 
in the interrupted egg-layings in short reeds. 

The eleven exceptions are indicated in black-faced type in the table. 
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in finding 10 bees alive in their cocoons; these 10 bees are listed in the 
table with the letter ‘‘M”’ or “F” for male or female. A glance at the 
table shows that in every case a male was found in a small cell and 
female in a large one. 

Fabre, as already stated, goes further than I do in concluding that not 
only do his Osmia bees know what size rooms to build, how much food to 
provide for one sex or the other, but they also know that they are to 
deposit a female egg in a large room with much food and a male egg in a 
small room with little food. There is no doubt in my mind that our 
Osmia bees likewise know the sex of each egg they deposit, and to prove 
it experimentally would probably require only the deft hand and the 
great patience of a Fabre. 


THE SEX OF OSMIA CORDATA IN RELATION TO THE SIZE 
OF THE CHAMBER 


In studying the nests of O. cordata, many tubes in the mud-daubers’ 
nests were opened. An examination of the inside architecture has fully 
convinced me that, like O. lignaria and also like certain Osmia species in 
France, our O. cordata makes small cells and large ones; the former to 
house males, the latter females. One has only to glance hastily at the 
two tubes (with roof torn away) in Fig. 5 to see the great difference in 
size of male and female compartments. The gallery in the center has 
three large cells from which females emerged; the one on the left has 
five small cells from which males emerged. 

In the rear of this series of five cells one sees the empty compartment 
into which the rubbish has been swept and walled in by the mother. In 
front of this series one sees the large unoccupied vestibule which is very 
often, but not always, found in cordata nests. In the gallery in the center 
one sees that for making large compartments the mother has only to 
resort to partitions built crosswise, but in the gallery at the left, for 
small rooms for male occupancy, the mother not only placed her parti- 
tions crosswise but also resorted to a longitudinal wall as well. 

Nor is this the end of her ability to create compartments of the 
desired size, for often if the mother desires a small apartment in a large 
space, she will upholster the unnecessary space with a packing of leaf- 
pulp. In Fig. 4 one sees this method pictured; here one finds what is 
apparently a very thick partition wall, but upon cutting into it after 
the photograph was taken it was found that about half was filled solidly 
with a leaf-paste while the other portion consisted of a small compart- 
ment, complete with an adult male bee inside the cocoon. The fact 
that she fills up in this manner any excessive space shows how neces- 
sary small rooms are for male bees; and it shows further that Mother 
Cordata must have first perceived its existence, and then by making 
intelligent use of an instinct, did precisely what any intelligent human 
would have done in similar circumstances. 


EXPLANATION OF FIGURES 
Figure 1. Nest of the wasp, Sceliphron, resealed with leaf-paste by Osmia cordata. 
Figure 2. Galleries made by the wasp. Trypoxylon politum, used by Osmia lignaria 
showing the cocoons and mud walls left by lignaria. 
Figure 3. Nest of the wasp, S. caementarium, opened to show mud walls left by 
O. lignaria. 
Figures 4and 5. Nests of S. caementarium opened to show walls made by O. cordata. 
Figure 6. Walls of mud made by O. lignaria in an artificial gallery in a box of clay. 
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NOTES ON CULEX ERRATICUS AND RELATED SPECIES 
IN THE UNITED STATES 


(Diptera, Culicidae) 
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The synonymy of the small United States species of Culex 
usually placed in the subgenera Mochlostyrax or Melanoconion 
has undergone a confusing series of changes, due in part to 
variability in adult markings and lack of specific characters in 
the females. The recent terminology employed has been 
that published by Dyar in 1928, in which the commonest 
United States representative of the group was considered to be 
identical with the Santo Domingan species Culex inhibitator. 
A study of published descriptions and of specimen material, 
however, shows that the two forms are distinct and that the 
correct name for our common southern species is Culex erraticus. 
Other necessary changes include the restoration of Culex 
abominator as a valid species, revision of the description of the 
male terminalia of Culex inhibitator, and revision of the larval 
description of Culex peccator. These changes are discussed in 
the present paper. We are also including revised synonymies 
as they now appear for this group of species, together with a 
synoptic table of larval and male characters. 


Culex erraticus (Dyar and Knab.) 
(Text fig. 1, b and Pl. 1, a, b, d.) 


Melanoconion atratus Dyar (not Culex atratus Theobald, 1901), Jour. N. Y. Ent. 
Soc., 13: 26, 29, 1905. (Synonymy by Howard, Dyar, and Knab, 1915, for 
U. S. references.) 

Mochlostyrax erraticus Dyar and Knab, Jour. N. Y. Ent. Soc., 14: 224, 1906. (Larva 
described, from Baton Rouge, La.) 

Culex leprincet Dyar and Knab, Jour. N. Y. Ent. Soc., 15: 202, 1907. (Female 
and male, 16 specimens from Tabernilla and Pedro Miguel, Canal Zone, bred 
from larvae.) 

Culex egberti Dyar and Knab, Jour. N. Y. Ent. Soc., 15: 214, 1907. (Female 
described, three specimens from Lake Okeechobee, Fla. Synonymy 
probable. ) 

Culex invocator Pazos, Anal. Acad. Cien. Med. Fis. y Nat., Habana, 14: 426, 1908. 
(Adult, San Antonio de los Banos, Cuba.) 

Culex abominator Dyar and Knab (in part), Smithsn. Misc. Coll., Quart. Iss., 
52: 257, 1909. (All of the specimens in the type series, with the exception of 
one male, were probably erraticus.) 
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Culex trachycampa Dyar and Knab, Can. Ent., 41: 101, 1909. (One male and one 
female, Las Cascadas, Canal Zone.) 

Culex invocator, C. trachycampa, C. erraticus, C. leprincet and C. egberti Howard, 
Dyar and Knab, Mosq. No. and Cent. Am. and W. I., 3: 323, 329, 382, 397, 
421, 1915. (Male and female of invocator; female and larva of erraticus; female 
of egherti; male, female, and larva of trachycampa and leprincet.) 

Culex mutator Howard, Dyar, and Knab (? in part, not Dyar and Knab), idem, 3: 
422, 1915. (The type series from Cordoba, Mexico, contained two specimens 
that were later considered to be leprincei. See Dyar, Ins. Ins. Mens., 11: 118, 
1923; also Komp, 1935 p. 6.) C. abominator, idem., p. 378 (in part, not Dyar 
and Knab. Female and larva are erraticus.) 

Culex (Melanoconion) erraticus (in part) and Culex (Mochlostyrax) egberti Dyar 
and Knab, Ins. Ins. Mens., 5: 179, 180, 1917. (Revision of United States 
Culex; C. abominator made a synonym of erraticus.) 

Culex (Mochlostyrax) peribleptus Dyar and Knab, Ins. Ins. Mens., 5: 181, 1917. 
(Two males, two females, Parr Shoals, S. C.) 

Culex (Mochlostyrax) pose Dyar and Knab, Ins. Ins. Mens., 5: 182, 1917. (Female, 
Dallas, Tex. Synonymy probable.) 

Culex moorei Dyar, Ins. Ins. Mens., 6: 108, 1918. (One male, two females, Planta- 
tion Plaisance, Georgetown, British Guiana.) 

Culex teccator Dyar and Barret (not Dyar and Knab, 1909), Ins. Ins. Mens., 6: 119, 
1918. (Larva of erraticus described for that of peccator.) 

Culex (Choeroporpa) peribleptus Dyar, Ins. Ins. Mens., 7: 161, 1919. (Description 
of larva, from Sibley, Miss.) Idem, 8: 67, 1920 (male genitalia, ‘‘South- 
eastern United States’’). 

Culex (Choeroporpa) degustator Dyar and Knab, Ins. Ins. Mens., 9: 39, 1921. (Two 
males, Scott, Ark., and Herrin, Il.) 

Culex (Melanoconion) homoeopas Dyar and Ludlow, Ins. Ins. Mens., 9: 46, 1921. 
(One male, Jackson Barracks, La. Synonymy probable. ) 

Culex (Choeroporpa) borinqueni Root, Amer. Jour. Hyg., 2: 400, 1922. (Female, 
male, and larva described; Rio Piedras, Martin Pena, and Aguirre, Puerto 
Rico. ) 

Culex (Choeroporpa) pose Dyar, Ins. Ins. Mens., 10: 93, 1922. (Male genitalia; 
specimens from Mound, La.) 

Culex (Choeroporta) leprincei Dvyar, Ins. Ins. Mens., 11: 119, 1923. (Extensive 
synonymy including United States forms. ) 

Culex (Choeroporpa) tovari Evans, Ann. Trop. Med. and Paras., 18: 367, 1924. 
(One male, Palo Negro, Venezuela. ) 

Culex (Mochlostyrax) erraticus Dyar (in part), Mosq. of Americas, p. 299, 1928. 
(Includes the male of C. abominator.) 

Culex (Mochlostyrax) inhibitator Dyar (in part, not Dyar and Knab), Mosq. of 
Americas, p. 317, 1928. (Extensive synonymy given under this species 

Culex (Melanoconion) erraticus and inhibitator Edwards (in part), Dipt. Culic., 
Gen. Ins., Fasc. 194, pp. 214, 216, 1932. 

Culex (M.) homoeopas Komp, Proc. Ent. Soc. Wash., 37: 9, 1935. (Considered a 
synonym of inhthitator.) 


Culex erraticus was originally described (1906) on larval 
characters, the type locality being Baton Rouge, La. The 
female was described later (1915), presumably from the same 
material, but the male was unknown. On the basis of the 
similarity of the females, C. abominator was made a synonym of 
erraticus (1917) and the male characters of a specimen included 
in the type material of abominator were adopted in error for 
erraticus. As a result, erraticus was not taken into con- 
sideration when other United States and tropical species were 
thrown into synonymy frst with Jeprincet and later with 
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inhibitator. The type of erraticus, however, is the larva and 
the characters as described are those of our common southern 
form. Moreover, these are distinct from the characters 
described from the larval types of inhibitator, while the males 





B 


Text Fig. 1. a, Inner mesosomal plate of C. inhibitator. (The arm on left is 
fore-shortened in the drawing owing to its upturned position in the mount.) 
b, Inner mesosomal plate of C. erraticus. 


of the two species are now found to differ as well. With the 
separation of inhibitator, the name erraticus has precedence over 
leprincet and the other names in the list. 

The United States species C. egberti, C. peribleptus, C. pose, 
C. degustator, and C. homoeopas, which were all described later by 
Dyar and Knab, are probably the same as erraticus, judging from 





348 Annals Entomological Society of America [Vol. XXX, 


the descriptions and a brief examination of the material in the 
National Museum. In the female type of C. pose (from Dallas, 
Tex.) the anterior half of the mesonotum is bright golden, 
which indicates that it is not a specimen of C. abominator, 
as redefined, although the types of the two forms are from 
nearby localities. 

From the available descriptive matter, no marked differences 
are to be found between erraticus and various forms, including 
leprincei, invocator, trachycampa, borinquent, moorei, and tovari, 
described from the tropical Americas. It appears that these 
may represent a single species of wide distribution, as was 
finally concluded by Dyar. Root (Amer. Jour. Hyg., 7: 586, 
1927) also stated that larval material of ‘‘leprincei’’ in his 
collection from Brazil, Puerto Rico, Honduras, and the United 
States seemed to agree exactly. These tropical species are 
therefore shown in the above synonymy. ‘The present writers 
have examined the male terminalia of specimens from the Canal 
Zone, furnished through the kindness of W. H. W. Komp, but 
have not had larval specimens for comparison and have not 
personally examined material of the other tropical species 
included. 

The principal larval and male characters of erraticus are as 
follows: 


Larva.—Lower head hairs long, single; upper short, multiple. Mental 
plate with four (occasionally five) teeth on each side of the central tooth. 
Lateral abdominal hairs usually triple on segments 4 to 6. Comb of 
eighth abdominal segment (Pl. 1, a) of comparatively few scales (vary- 
ing from 11 to 29, average 18) in a single, irregular, or partly double 
row; individual scales (Pl. 1, 6) produced apically into a long stout 
point, not fringed toward tip. Airtube 5 to 6 by 1, with five (sometimes 
four or six) pairs of multiple hair tufts beyond the pecten! the basal pair 
long, the others progressively shorter; pecten tooth (Pl. 1, d) fringed on 
one side. Body usually densely pilose. 


One mounted larval skin in the National Museum labeled 
‘*Culex erraticus D. & K.—Dupree”’ is probably from the type 
material. So far as visible the characters are typical of our 
common species. 

Male.—Occiput with broad flat scales at margin of eyes, a large 
tfiangular patch of narrow curved scales in middle. Mesonotal scaling 


varying from brownish to bright golden. (An increase in the golden 
coloration of the mesonotum and in the proportion of pale scales on the 





1The original illustration shows one hair tuft within the pecten, but this was 
corrected later. 
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occiput is noted in Louisiana and Texas specimens.) Male terminalia: 
Clasper moderately, but not abruptly, enlarged on apical half; subapical 
filament folded longitudinally, somewhat V-shaped. Outer division of 
lobe of sidepiece with a broad, fan-shaped leaf and seven filaments, the 
apical one long and recurved at tip; basal division with two arms each 
bearing a long, stout, capitate filament. Comb of tenth sternites with 
nine or ten stout teeth; stem comparatively short, the base somewhat 
pear shaped. Inner (second) mesosomal plate (text fig. 1, b) stout, heavily 
chitinized, the outer half bent outwardly and ending in two stout 
points; another curved point arising about midway of the convex inner 
margin. Largest mesosomal plate indented on one side. Lobes of ninth 
tergites large, oblong, covered with long hairs. 


Culex inhibitator Dyar and Knab 
(Text fig. 1, a.) 
? Culex investigator Dyar and Knab, Jour. N. Y. Ent. Soc., 14: 216, 1906. (Larva, 

a Lucrecia, Mexico. Doubtfully referred to this synonymy by Dyar, 
Culex inbibitater Dyar and Knab, Jour. N. Y. Ent. Soc., 14: 216, 1906. (Larva 

from San Francisco Mountains, Santo Domingo, West Indies.) 

Culex investigator Howard, Dyar, and Knab, Mosq. No. and Centr. Amer., and 

W. I., 3: 381, 1915, (larva); inhibitator, idem, p. 391, (female, male, and larva). 
Culex inhibitator Dyar (in part), Mosq. of Americas, p. 317, 1928. (Extensive 

synonymy given under this name, including the forms from the United States 

and Panama.) 

A recent search in the National Museum failed to disclose 
the larval types of inhibitator and it is probable that they 
have been lost. We were informed that the early larval 
material frequently was stored in alcohol vials and some of it 
became worthless from drying. While the types are not avail- 
able, the descriptions given in the original article and in the 
Monograph of Howard, Dyar, and Knab are adequate for 
separating the species from erraticus. In Dyar’s ‘‘ Mosquitoes 
of the Americas,”’ however, the larval illustration for znhibitator 
(Fig. 267) was apparently redrawn from the larva of leprincez 
and the description was modified to include this and similar 
forms. 

The adults of inhibitator in the collection from Santo 
Domingo consist of three males and five females, of which the 
terminalia of two of the males had previously been mounted 
(slides no. 238 and 2003; one of these two specimens is labeled 
with the collection number 135, the other being unnumbered). 
The slides were examined by us in September, 1936, and the 
visible characters appeared similar to those of erraticus. More 
recently, the third male (no. 135.3) has been loaned to us through 
the kindness of the Museum officials and the terminalia have 
been carefully dissected. Upon separation of the structures, 
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the shape of the inner mesosomal plates was found to be 
distinctive, thus confirming the differentiation of the species. 
A re-examination of the two original slides shows that one of 
the specimens has a similar type of plate, while the condition 
of the other mount is such that the finer details cannot be 
made out. 

The larval characterization of inhibitator and a_ brief 
redescription of the male follow: 


Larva.—Frontal head hairs as in erraticus. Mental plate with eight 
teeth on each side, the basal ones, except the last, larger and more 
remote. Body coarsely hairy but not densely so. Lateral abdominal 
hairs in twos after the first segment. Comb of eighth abdominal segment 
in a triangular patch of numerous scales, several rows deep; individual 
scales widened and fringed at tip. Airtube 6 or 7 by 1, with five tufts, 
decreasing in length a little toward tip; pecten long, reaching one-third. 
(From the original description, with additions from the more complete 
description given by Howard, Dyar, and Knab in 1915.) 

Male.—Palpi longer than proboscis. Occiput almost completely cov- 
ered with broad dusky scales, the narrow curved scales reduced to a 
slight median line. Mesonotum brownish. Male terminalia: Clasper 
similar to that of erraticus. Lobe of sidepiece and its appendages also 
similar except for the leaflet, which is much smaller and ovate in shape; 
length about two-thirds that of the apical hooked filament. Arm of 
tenth sternite small, with eleven teeth; stem rather long and slender, the 
base globular. Inner mesosomal plate (text fig. 1, @) comparatively straight 
and slender, with two rather long, pointed, and curved arms arising 
from the outer corners and with an indication of another point connected 
with the arm opposite the basal hook; apical margin of plate produced 
into a nearly square membranous portion, distinctly serrate along its 
upturned outer margin. Largest mesosomal plate indented near one 
end, mitten-shaped. Lobes of ninth tergite large, hairy, somewhat 
indented in middle of posterior margin. 


Specimen 135.3, labeled ‘‘S. Francisco Mts., St. Domingo, 
W. 1., Sept. 05. August Busck Coll.” 

With reference to C. investigator, the larval description 
indicates that it is not C. erraticus and is a very doubtful 
synonym of C. inhibitator. A single mounted larval skin in 
the National Museum is in very poor condition and is 
unrecognizable. 


Culex peccator Dyar and Knab 
(Pi. 8, e, £, #.) 


Culex peccator Dyar and Knab, Smithsn. Misc. Coll., Quart. Iss., 52: 256, 1909. 
(Adult described, 11 specimens from Scott, Ark.) 

Culex incriminator Dyar and Knab, idem, p. 257, 1909. (Adult described, 3 speci- 
mens from Agricultural College, Miss. Synonymy by Dyar and Knab, 1917.) 
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Culex peccator and incriminator Howard, Dyar, and Knab, Mosq. No. and Centr. 
Amer. and W. I., 3: 318, 409, 1915. (Female and male of each described; 
larvae unknown. ) 

Culex (Melanoconion) peccator Dyar and Knab, Ins. Ins. Mens., 5: 179, 1917. 

(Non) Culex peccator Dyar and Barret, Ins. Ins. Mens., 6: 119, 1918. (Larva 
described; =erraticus.) 

Culex (Mochlostyrax) peccator Dyar (in part), Mosq. of Americas, p. 300, 1928. 
(Larval description incorrect.) 


The larva of peccator was unknown at the time of the original 
description of the species and was described later by Dyar and 
Barret (1918). Their description, however, was evidently 
based on specimens of C. erraticus, as we find that the larva of 
peccator is actually quite different. We are therefore adding 
a description of the larva, based on a series of specimens col- 
lected in Louisiana and Florida. Some of these specimens are 
skins of isolated larvae from which typical peccator males 
were reared. 


Larva of Culex peccator (fourth stage): Antenna long, with tuft of 
about 25 long feathered hairs at outer fourth, the part beyond slender; 
3 long stout hairs, a short spine, and a shorter blunt digit at tip; shaft 
spinose on outer side. Preantennal hair with 7 to 11 branches, the hairs 
sparsely feathered. Lower frontal head hairs long, single; upper head 
hairs double, about one-half as long as the lower; postclypeal hairs small, 
single. Mental plate (Pl. 1, g) triangular, with a large central tooth 
and 6 teeth on each side, the basal one small. 

Thorax and abdomen sparsely spiculate. Lateral abdominal hairs 
double on segment 2 and double or triple (usually triple) on segments 
3 to 6 inclusive; segment 1 with a single and a double hair. Subdorsal 
hairs on segments 3 to 6 in tufts of fives or sixes. Lateral comb of eighth 
segment of about 40 scales in a broad triangular patch, four rows deep 
centrally; individual comb scale (Pl. 1, c) broad apically and evenly 
fringed with very delicate spinules. 

Air tube about five times as long as wide, tapered, the apex slightly 
expanded. Pecten of about 20 regularly spaced teeth on basal third, the 
individual teeth (Pl. 1, f) wide at base, and fringed on one side nearly 
to tip. Five pairs of long, sparsely feathered tufts ventrally beyond 
pecten, none out of line; first pair of tufts from base about twice as long 
as diameter of tube, the others progressively shorter. Two pairs of small 
double or triple hairs dorsally. 

Anal segment about as long as wide, ringed by the plate, ventral 
brush posterior to plate; two subdorsal hairs on each side, one double 
(a long and a short branch), the other single, long; lateral hair small, 
delicate, with 2 to 4 branches. Anal gills about as long as the segment, 
tapered to a blunt point. 


The larvae have been collected at New Orleans, Mandeville, 
and Mound, La., and in Orange County, Fla. In one of the 
collections at New Orleans, they were taken in the bottom of a 
boat with larvae of C. quinquefasciatus and C. salinarius. 





352 Annals Entomological Society of America |Vol. XXX, 


They are usually found in grassy pools, nearly always in associa- 
tion with C. apicalis, which they resemble somewhat in general 
appearance. 


Culex abominator Dyar and Knab 


Culex abominator Dyar and Knab, Smithsn. Misc. Coll., Quart. Iss., 52: 257, 1909. 
(Adult described, 10 specimens from Tutweiler, Miss.; Rives, Tenn.; Como, 
Franklin Parish, La.; Victoria and Plano, Tex.) 

Culex abominator Howard, Dyar and Knab (in part), Mosq. No. and Centr. 
Amer. and W. I., 3: 378, 1915. (Female, male, and larva described and addi- 
tional localities mentioned. The male is now recognized as abominator, the 
female and larva as erraticus.) 

Culex erraticus Dyar and Knab (in part, not Dyar and Knab, 1906), Ins. Ins. Mens., 
5: 179, 1917. (Erraticus and abominator considered to be identical.) 

Culex (Choeroporpa) erraticus Dyar (not Dyar and Knab), Ins. Ins., Mens., 6: 104, 
1918. (A revision of the genus Cu/ex on male genitalic characters.) 

Culex (Choeroporpa) erraticus Dyar, Proc. U. S. Natl. Mus., 62: 12, 1922, and 
C. (Mochlostyrax) erraticus Dyar, Mosq. of Americas, p. 299, 1928 (in part, not 
Dyar and Knab). 

Culex erraticus Komp (not Dyar and Knab), Proc. Ent. Soc. Wash., 37: 4, 1935. 
(‘‘Valid”’ species, on basis of male genitalia, the slide examined being probably 
that of abominator.) 

In the original description (1909) the adult was very briefly 
described from a series of ten specimens, the sex of which was 
not stated. Detailed descriptions of the female, male, and 
larva, together with additional locality data, were given in the 
Monograph (1915). The type series in the National Museum 
contains one male from Plano, Tex., eight females from Tut- 
weiler, Miss., one female from Rives, Tenn., and three females 
from Victoria, Tex. (making a total of 13 specimens instead 
of 10). The male specimen and two of the females (one from 
Tutweiler, Miss., and one from Rives, Tenn.) bear type labels 
No. 12103. The terminalia of the Plano, Tex., male are 
mounted on slide No. 444. Larval specimens on which the 
larval description may have been based are from Scott, Ark., 
and Havana, Ill., so were evidently placed later with the 
series. On a recent examination these were found to be 
C. erraticus, and the females are probably all of this species 
also. On the other hand, the male characters are quite different, 
being more nearly similar to those of C. peccator. 

Specimens having the male characters described for C. 
abominator have not again been recorded from the Southern 
States and considerable doubt had arisen as to the validity of 
the species. On looking over the collections in the National 
Museum, however, a few specimens were found (three males 
and five females), which had been collected at a Civilian 
Conservation Corps Camp near Stephensville, Tex., in 1933, 
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and one of which had been identified by Dr. Alan Stone, on 
male characters, as C. erraticus (i. e., abominator). This 
specimen and another male were examined by the present 
writers and were found to have terminalic characters entirely 
similar to those of the male from Plano, Tex. In all three 
specimens the crest of the clasper has a solid fused horn, and 
the subterminal filament is long, extending beyond the horny 
claw of the clasper. In peccator the crest of the clasper has a 
small group of appressed, but separate, spines and the sub- 
terminal filament is small and delicate. Our time did not 
permit a detailed comparison of the female markings, but it 
was noted that the mesonotal scales were distinctly gray and 
the occipital scales were largely pale. 

The discovery of this collection reestablishes the existence 
of a distinct species in the southwestern part of the United 
States, and the male specimen from Plano, Tex., is herewith 
designated as the lectotype of Culex abominator D. and K. 


Culex pilosus (Dyar and Knab) 
Mochlostyrax pilosus Dyar and Knab, Jour. N. Y. Ent. Soc., 14: 224, 1906. (Larva 


described; Santa Lucrecia, Mexico.) 

—— cubensis Dyar and Knab (not Culex cubensis Bigot, 1856), Jour. N. Y. 
Ent. Soc., 14: 225, 1906. (Larva, Havana, Cuba.) 

a floridanus Dy ar and Knab, Proc. Biol. Soc. Wash., 19: 171, 1906. 
(Larva, Estero, Fla.; ‘‘no adults.’’) 

Mochlostyrax jamaicensis 'Grabham (not Culex jamaicensis Theobald, 1901), Can. 
Ent., 38: 318, 1906. (Female and male, 7. a. ) 

Culex agitator Dyar and Knab, Jour. N. Y. Ent. Soc., 15: 100, 1907. (New name 
for Mochlostyrax cubensis D. and K., ae 

Culex reductor Dyar and Knab, Smithsn. Misc. Coll., Quart. Iss., 52: 257, 1909. 
(New name for Mochlostyrax jamaicensis Grabham.) 

Culex deceptor Dyar and Knab, idem, p. 257, 1909. (Three adults, Fort White, 
Fla.) 

Culex ignobilis Dyar and Knab, Proc. Ent. Soc. Wash., 11: 39, 1909. (Four adults, 
San Antonio de los Banos, Cuba.) 

Culex agitator (in part; female, male, and larva described), ignobilis (female), 
pilosus (female, male, and larva), reductor (female, male, and larva), floridanus 
(female and larva), deceptor (female and male), Howard, Dyar, and Knab, 
Mosq. No. and Centr. Amer. and W. I., 3: 384, 390, 393, 399, 402, and 408, 
1915. 

Culex mastigia Howard, Dyar, and Knab, idem, p. 426, 1915. (Female and male, 
Cuba.) 

Culex (Mochlostyrax) curopinensis Bonne-Wepster and Bonne, Ins. Ins. Mens., 
7: 177, 1920. (Male, Surinam.) 

Culex (Mochlostyrax) pilosus Dyar, Mosq. of Americas, p. 290, 1928. 


The synonymy of this species follows that of Dyar (1928), 
except that the male described for agitator by Howard, Dyar, and 
Knab does not belong here. C. pilosus is easily distinguished 
on larval or male genitalic characters from the other United 
States species. 
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Culex anips Dyar 


Culex anips Dyar, Ins. Ins. Mens., 4: 48, 1916. (Male and female, San Diego River, 
San Diego, Calif.) 

Culex (Choeroporpa) anips Dyar, Ins. Ins. Mens., 8: 54, 1920. (Male terminalia.) 

Culex (Choeroporpa) anips Freeborn, Mosq., of Calif., p. 424, 1926. 

Culex (Mochlostyrax) anips Dyar, Mosq. of Americas, p. 299, 1928. 


This is the fifth species of the group recorded for the United 
States. It has been taken only once, in southern California, 
and was described from adults reared from pupae. Freeborn 
stated that he was unable to obtain specimens of either the 
larvae or adults in the type locality in 1918. From Dyar’s 
description of the male terminalia, the species is closely related 
to C. peccator and C. abominator. 


SYNOPTIC TABLE OF LARVAL AND MALE TERMINALIC 
CHARACTERS 


The species of this group cannot at present be identified 
with certainty on female characters. The principal dis- 
tinguishing characters for the males and larvae of the United 
States species are summarized below. C. inhibitator is also 
included in the table because of the previous confusion in names. 


MALE TERMINALIA 


1. Basal division of subapical lobe of side piece divided into two subequal 
arms, each with a long stout filament at tip; stem of clasper comparatively 
SEN oeshnc in loos Gite a ee wie aT a a Ree aie hehehe es anes anus oat Smee Se 2 

Basal division of subapical lobe of side piece with one arm bearing a stout 
filament at tip and a longer, slender filament arising from a tubercle 
near base; clasper greatly enlarged apically, the stem very stout and 
constricted near middle; side piece subspherical; outer division of lobe of 
side piece with a large expanded DE ose c saci hs cmeshateass semeses 4 

Apical swelling of clasper cap-shaped, tapering abruptly; lobe of side piece 
without an expanded leaflet; ninth tergite with a widened plate, the lobes 
projecting from its posterior corners as slender fingers, with few hairs, 

C. pilosus 

Apical swelling of clasper moderate, gradually tapered; lobe of side piece 
with an expanded leaflet on the apical division; lobes of the ninth tergite 
oblong, prominent, covered with long hairs................0.sseeeeeees 3 

3. Inner (second) mesosomal plate stout, curved outwardly and ending i in two 

stout points, with another point arising midway of curved inner margin; 
apical margin without a membranous portion; leaflet of lobe of side piece 
NS TI 6 6o SS Scams en eeeun is toeianabneennesl C. erraticus 
Inner mesosomal plate comparatively straight, with two slender, pointed 
arms outwardly on opposite sides, and with a small point arising from 
the upper arm; outer edge of plate (between the arms) produced into a 
square membrane, serrate along apical margin; leaflet of lobe of side piece 
RI Ie ikke a a) eae pat Kena enicna hee Vea eT C. inhibitator 
4. Crest of enlarged apical portion of clasper with a tuft of closely appressed 
spines anteriorly; subterminal filament of clasper short and slender; 
basal portion of clasper with a thorn-like point about midway of inner 
margin; dorsal surface of side piece with a dense patch of fine hairs, 
C. peccator 
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Crest of enlarged apical portion of clasper with a stout fused horn anteriorly; 
subterminal filament of clasper long, extending well beyond tip of claw; 
basal portion of clasper without a thorn-like point; side piece with 
scattered hairs only C. abominator 

Crest of clasper without a group of appre sssed or fused spines; subterminal 
filament of clasper and dorsal surface of side piece as in C. peccator..C. anips 


LARVAE 


1. Air tube long and slender, 5 to 6 by 1, with 4 to 6 pairs of ventral hair tufts 
beyond the pecten; lower head hairs long, single; upper head hairs double 

or multiple. ivuuetav everest ech 2 
Air tube comparatively short, about 3 by 1, usually with 8 pairs of very 
long hair tufts, the basal two within the pecten; comb of eighth segment 
of 8 to 14 scales in a single (sometimes irregular) curved row; lower head 
hairs single; upper head hairs single or double; head with a stalked ovoid 


gill at base of antenna... .C. pilosus 

2. Upper head hairs multiple, short; body ‘moderately or densely pilose wie 3 
Upper head hairs double, moderately long; comb of eighth abdominal 
segment of many scales in a triangular patch; individual comb scales 
small, rounded and evenly fringed apically; body sparsely spicular, 

C. peccator 
3. Comb of eighth segment with not more than two complete rows of scales; 


individual scales long, stout, and pointed, not fringed apically; lateral 
abdominal hairs triple or multiple; mental plate with four (sometimes 
five) teeth on side of each the central tooth...... .....C. erraticus 
Comb of eighth segment with many scales in a trié ingular patch several 
rows deep; individual scales rounded and fringed apically; lateral 
abdominal hairs double after the first segment; mental plate with eight 
WOE ON ONG E GNI aie ch cicariaewenactesueks sii. ace ave ee 


The larvae of C. ahominator and C. anips are unknown. 


SUMMARY 


Culex erraticus D. and K. (1906) was described from larval 
specimens collected at Baton Rouge, La. The original and 
subsequent descriptions show that they were specimens of the 
common Melanoconion of the Southern States and are distinct 
from the Santo Domingan species, C. inhibitator. The male 
characters are found to differ also and the name erraticus, 
therefore, replaces inhibitator in so far as the United States 
fauna is concerned. A new description of the inhibitator 
male is included. 

The known range of C. erraticus in the United States extends 
from Texas through the Gulf coast States and northward into 
Illinois, Tennessee, and Maryland. Several of the species 
described from the American tropics appear to be indistinguish- 
able from erraticus, as now defined, and are provisionally 
included in its synonymy. 

The male type of Culex abominator from Plano, Tex., was 
wrongly placed as a synonym of erraticus, since it is more 
nearly similar to C. peccator. Specimens in the National 
Museum collected near Stephensville, Tex., in 1933 were found 
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to have male characters corresponding to those of the Plano 
specimen and serve to reestablish C. abominator as a distinct 
species. The male from Plano, Tex., is designated as the 
lectotype of the species. 

The larvae described by Dyar and Barret for Culex peccator 
were evidently specimens of C. erraticus. A new description 
of the peccator larva is given. 


EXPLANATION OF PLATE 


A, Typical comb of eighth abdominal segment of the larva of Culex erraticus. 

B, Enlarged comb scales of the same, the longer scale on right being the 
more typical. 

C, Comb scales of C. peccator. 

D, Pecten tooth of C. erraticus. 

E, Pecten tooth of C. apicalis (for comparison with D and F). 

F, Pecten tooth of C. peccator. 

G, Mental plate of C. peccator. 




















ANOPHELES ACANTHOTORYNUS, A NEW SPECIES OF 
THE SUBGENUS STETHOMYIA FROM PERU. 


(Diptera, Culicidae.) 


W. H. W. Komp, 


Gorgas Memorial Laboratory, 
Ancon, Canal Zone 


During April, 1931, Mr. Raymond C. Shannon, of the 
International Health Division of the Rockefeller Foundation, 
made an Anopheles survey around Iquitos, Peru, as part of a 
survey of the Amazon Valley (1). He reported collecting 
Anopheles (Stethomyia) nimbus Theobald and thomasi Shan- 
non (2) from this locality, stating that mimbus was abundant 
near San Juan, and that four males of thomasi were collected 
in the region. Through the courtesy of Dr. E. A. Chapin and 
Dr. Alan Stone, of the U. S. National Museum, the writer was 
permitted to examine the single male Stethomyia from this 
region, which was deposited by Shannon in the U. S. National 
Museum. This male proves to be of a new species, allied to 
nimbus and thomast, but quite distinct on the characters of 
the terminalia, particularly those of the harpago (claspette 
lobes). The formal description of this species follows. 


Anopheles (Stethomyia) acanthotorynus, n. sp. 
(Fig. 1) 

Female.—No material of this sex is available for description. 
Shannon deposited a large number of female specimens of 
Stethomyia collected near Iquitos, Peru, in the U. S. National 
Museum. Specimens of the females of A. acanthotorynus n. sp. 
may be among this material. As all the species of the subgenus 
are very much alike, it is impossible to distinguish the females 
of the new species, if they are present in the collection. Pre- 
sumably the female has the distinguishing characters of the 
subgenus, a general blackish appearance, slender form, long 
black legs, scaleless thorax and abdomen, and the narrow 
silvery-white longitudinal stripe in the dark mesonotal integu- 
ment, extending from neck to scutellum. It may also have 
the whitish edging of the mesonotum, which is pronounced in 
nimbus, but much less evident in kompz. 
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Male.—The single male type is in poor condition, lacking three legs. 
It is much like the males of nimbus, having the characteristic silvery 
mesonotal stripe, and whitish edging of the mesonotum. 

Male terminalia: Style (clasper) very long, evenly curved, slender, 
longer than the coxite, with small terminal spine. Coxite (sidepiece) 
slender, somewhat laterally compressed, without scales. A single long 
parabasal spine, with hooked tip, inserted slightly distad of middle of 
coxite, from a chitinized ring. A very long, slender, sinuate internal 
spine on ventral aspect, set at about the same level as the parabasal 
spine. Apodeme of coxite very large, nearly filling the basal aperture. 
Harpago (claspette lobes) consisting of two lobes, the outer (dorsal) lobe 
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SIOE-PIECE WITH CLASPET'TE LOBES NINTH TERGITE, PROCTIGER, AND PARAPROCTS 


ANOTHER ASPECT OF CLASPETTE LOBES 


Fic. 1. Anopheles (Stethomyia) acanthotorynus, n. sp. Male terminalia. 


shorter than the inner, columnar, bearing at its tip a flat blade-like leaf, 
in outline somewhat like a baby’s sock. Inner (ventral) lobe longer, 
columnar, elbowed dorsally beyond middle, the distal portion apparently 
composed of two or more closely appressed plates, forming an elongated, 
narrow, spoon-shaped tip. Near the apex, from the dorso-lateral part, 
arises a long, slender, curved process, directed laterad towards the 
flat leaf of the outer lobe. This spine-like process is very characteristic 
of the species. Between the outer and inner lobes, on the mesial aspect 
of the harpago, is a long, slender, sinuate spine, from a low conical 
pedicel, extending to the middle of the spoon-shaped portion of the 
inner lobe. Mesosome (phallosome) much like that of A. nimbus, the 
shaft a V-shaped trough, not chitinized dorsally; base narrow, basal 
lateral arms not developed. In lateral view, the mesosome is nearly 
L-shaped, the tip bent over at right angle to the shaft. The tip is 
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nearly flat, with a circular opening posteriorly; at the junction of the 
shaft with the tip are two small triangular chitinized plates, representing 
the lateral arms of the mesosome, which are so prominent in the 
mesosome of A. kompi. Anal lobe (proctiger) moderate, conical, 
villose; paraprocts well developed, basally expanded, ventrally with 
paired chitinized triangular processes with rounded tips, directed 
ventrally towards the claspette lobes. Ninth tergites narrow towards 
mid-line, widely expanded towards sides, with no processes. 


Type, one male, the terminalia mounted in a Cobb mount. 
(U.S. N. M. No. 52020) 

Type locality, Iquitos, Peru, April, 1931 (R. C. Shannon, 
collector). 
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PREPARATION OF SCIENTIFIC AND TECHNICAL PAPERS, by TRELEASE 
and YuLe. Third Edition, pp. 1-125, 1936. Published by THE WILLIAMS 
AND WILKINS CoMPANY, Mount Royal and Guilford Aves., Baltimore, Md. 
Price, linen bound, $1.50. 


In the September issue of the Annals, 1934, we gave an extended notice of the 
previous edition of this very useful book. At that time we had reviewed the 
standard books of this type and had decided that ‘‘Trelease and Yule’’ was the 
most useful of all we had studied. This, the third edition, is packed with the 
items a writer of scientific articles wishes as a guide to better writing. It is a 
thorough revision and shaking down of an already very useful book. 


This is the one book we recommend without reservations to each and every 
productive biologist. We can go farther and recommend it to the unproductive 
ones who will enjoy it as by its study they will be better able to criticize the work 
of their productive brothers. It is packed from cover to cover with those, usually 
elusive, items in good exposition which tend to slip away from the writer of 
scientific papers. Here they are assembled and arranged in such a system as to 
be easily found. This is the one book every research man should ‘‘know by 
heart.’’ It costs only one dollar and fifty cents, the price of three ares, 

—+C. H. K. 
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THE EMBRYOLOGY OF CALENDRA CALLOSA OLIVIER; 
THE SOUTHERN CORN BILLBUG 


(COLEOPTERA, RHYNCHOPHORIDAE)! 


D. L. Wray 


State Department of Agriculture, Raleigh, North Carolina 


A study of the embryology of Calendra callosa was started 
several years ago by the writer in order to obtain as complete 
an outline as the materials would permit of the developmental 
history of this species from oviposition to eclosion. 

The writer wishes to express his appreciation for the encour- 
agement, valuable suggestions and criticism extended by Dr. 
O. A. Johannsen, Dr. F. H. Butt, Dr. J. G. Needham, and Dr. 
P. A. Readio of Cornell University under whose direction the 
present work was completed. 


METHODS AND TECHNIQUE 


The eggs used in this study were obtained from beetles collected 
near Burgaw, North Carolina. One gallon capacity, wide-mouthed 
battery jars covered with several thicknesses of cheese cloth were used 
for oviposition cages. These were kept in the insectary at ordinary 
temperatures since no attempt was made to control the temperature. 
Short pieces of young tender cornstalks about three inches in iength 
were placed in the jars for food and for the females to oviposit in. Small 
tin salve boxes lined with moistened blotting paper were used for incu- 
bation boxes. Eggs were collected at timed intervals varying from 15 
minutes to four hours. They were killed and fixed in Brasil’s fluid for 
12-24 hours and preserved in 80 per cent alcohol. It was found that 
eggs which had been preserved for a period of at least a year or more 
sectioned much better than fresh ones. Both the paraffin method and a 
modification of the paraffin-celloidin method of Kingsbury and Johann- 
sen (1927) were used. The chorion was removed and the eggs punctured 
with a fine pointed needle in order to allow proper infiltration. Watch 
glasses which had been given a coat of vaseline proved to be satisfactory 
embedding containers. Good results were obtained by using Delafield’s 
haemotoxylin stain along with a counter stain of eosin in 70 per cent 
alcohol. Destaining in 70 per cent acidulated (HCI) alcohol just after 
the eosin gave good results. 


'This paper contains the more important points brought out in a thesis pre- 
sented to the faculty of the Graduate School of Cornell University in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy, June, 1936. 
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DESCRIPTION AND ORGANIZATION OF THE EGG 


At the time of oviposition the egg is elongate, cylindrical in shape. 
Both ends are smoothly rounded and almost equal in size. From a 
lateral view the ventral side is decidedly convex, the dorsal side concave. 
It is highly probable that Hallez’s law of orientation would obtain in 
Calendra callosa. When first laid the egg is almost pure white but 
changes to a deep yellow as it grows older. Viewed by reflected light 
the external surface of the cortical layer shows a shallow sculpturing 
through the transparent chorion. The eggs average 2.25 mm. in length 
and 0.9 mm. in greatest diameter. Externally the egg is covered by the 
quite thick, tough, homogenous, structureless, and very elastic chorion 
with three micropyles. In testing the elasticity of the chorion an egg 
would bounce like a rubber ball when dropped on a table. In a freshly 
laid egg the chorion adheres closely to the vitelline membrane but in 
older stages it becomes loosely separated from the egg contents. The 
chorion is colorless in freshly laid eggs but later on in eggs which have 
remained in the preservative it becomes slightly discolored no doubt 
due to the action of fixative agents. It is impervious and must be 
punctured to allow proper infiltration. 

Beneath the chorion is found the thin, delicate, structureless vitelline 
membrane inclosing the contents of the egg. The micropylar area is 
made up of three micropyles situated at the anterior pole. Each micro- 
pyle is composed of a large circular spot about 30 microns in diameter 
and a central spot which stains deeply. In the micropylar area the 
chorion adheres tightly to the vitelline membrane and appears to be 
thicker and very tough so that it is difficult to remove. In some prep- 
arations a structure which appeared as a colorless, gelatinous mass was 
observed at the anterior pole (Fig. 49). 

The internal organization of the egg is shown in Figures 46 to 51. 
A peripheral layer of finely granular cytoplasm, which is termed the 
cortical layer (cort. 1.) in my figures, lies immediately beneath the 
vitelline membrane and surrounds the contents of the egg. The cortical 
layer is composed of two distinct layers. The outer layer of cytoplasm 
is slightly thinner than the inner layer and measures approximately 
10 microns in thickness. It stains slightly and in some cases appears as 
a clear strip. The inner layer of cytoplasm stains a deeper blue with 
Delafield’s haemotoxylin and is very irregular in thickness, being much 
thicker at the anterior and posterior poles. The cortical layer remains 
distinct until blastoderm formation when only a small portion of the 
inner layer remains between the blastoderm and the yolk mass. There 
are cytoplasmic strands extending from the inner layer into the yolk 
mass which is composed of yolk spheres varying in size from less than 
15 microns to 120 microns. Within the yolk spheres are found small 
dark staining refractive bodies and also larger light colored globular 
bodies. The refractive bodies present in the yolk spheres vary in number 
from one or two to a maximum count of 25. The yolk spheres are 
interspersed with clear fat globules, larger clear vacuoles, and some 
other small bodies. All of these are held in a fine network of protoplasm 
which permeates the central yolk mass and is intimately associated 
around the periphery with the inner edge of the cortical layer (Fig. 46). 
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There are many minute dark staining bodies lying within the cortical 
layer and throughout the central protoplasmic strands which are very 
similar in appearance and shape to those described as Blochmann’s 
corpuscles. 


MATURATION AND CLEAVAGE 


Within one hour after oviposition the nucleus migrates to the 
periphery (Figs. 46 and 49, mu). Prior to this the nucleus is found in 
the anterior half of the egg in a position about one third the length 
of the egg from the micropylar area. The nucleus migrates into the 
peripheral cytoplasm and there is formed around it a rather wide area 
of cytoplasm which projects into the yolk and which is the “‘ Richtungs- 
plasma’”’ or polar plasm of some writers. There is a narrow ring of 
cytoplasm adhering closely to the nucleus which stains faintly resembling 
a halo (Fig. 49). At this stage the sperm is found a short distance from 
the micropylar area. It is situated in an island of cytoplasm which 
stains a faint color similar to the nuclear cytoplasmic island. Only one 
sperm has been observed in any one egg and it stains so deeply that 
detailed structures were not observed. The first maturation process 
takes place during the first hour (Fig. 47). The nucleus gives off the 
first polar body, the division taking place in a plane perpendicular to the 
surface of the egg. The second maturation occurs in the early part of 
the second hour and is illustrated in Figure 48. The pronucleus stains a 
light blue with Delafield’s haemotoxylin. The first polar body can be 
seen only a short distance from the second spindle and pressed tightly 
against the vitelline membrane. A second polar body actually causes a 
slight bulge in the vitelline membrane (Fig. 48, pb). The polar body 
substance stains somewhat darker than the nucleus. 

Fusion of the pronuclei occurs by the third hour. By this time the 
female pronucleus has migrated from the periphery in the Richtungs- 
plasma area and comes to lie just anterior to the equatorial plane near 
the center of the egg transversly. The pronuclei come into close 
proximity as shown in Figure 50. The fusion of the germinal substances 
was observed in some preparations. When they get into a fusion position 
the cytoplasmic islands of the pronuclei fuse causing the halo area to 
become larger. The fusion takes place in a plane parallel to the longi- 
tudinal surface of the egg. At this stage the polar bodies can still be 
seen at the periphery in the Richtungsplasma area. Only two polar 
bodies are observed in this stage as the first polar body does not undergo 
a division. Soon after the third hour the polar bodies disintegrate in situ. 

In the early part of the fourth hour the nucleus forms a cleavage 
spindle and the first cleavage forms two daughter nuclei (Fig. 51, 
cl. nu. 1 and cl. nu. 2). In a transverse section they lie about one third 
the length of the diameter inward from the cortical layer, whereas in a 
longitudinal section they appear in the anterior half of the egg. The 
cleavage nuclei after the first cleavage retain equal portions of the 
surrounding cytoplasmic islands and appear almost circular in shape. 
The central part of the nucleus stains a faint blue and the more darkly 
stained chromatin particles lie scattered throughout this area. The outer 
edge of the nucleus stains a deep blue with Delafield’s haemotoxylin. 
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The island of cytoplasm has an amoeboid shape with projections extend- 
ing out into the interstices of the yolk mass and strands extend from 
one cleavage nucleus to the other (Fig. 51). The yolk at this stage 
exhibits a change in appearance. The outer layer lying adjacent to the 
cortical layer of cytoplasm is composed of numerous small globules 
between which are strings of cytoplasm which have become detached 
from the cortical layer. When the first cleavage nuclei have migrated 
but a short distance apart they in turn divide as shown in Figure 52. 
The mitotic spindle is in a plane perpendicular to the first and the 
strands of nuclear material are drawn toward the pole of each daughter 
nuclei. The cleavage nuclei measure 10-15 microns in diameter. The 
islands of cytoplasm surrounding the cleavage nuclei assume a more 
pronounced amoeboid appearance as migration proceeds. The number 
of nuclei increases rapidly by mitotic division from the 4-cell stage until 
by the sixth hour they are quite numerous (Fig. 54). Many stages of 
mitosis can be seen in the cleavage nuclei during their outward migration. 
By this time the cytoplasmic islands have left strands of material 
throughout the yolk which connect with the cleavage nuclei and there 
results a cytoplasmic meshwork within the yolk mass. 

The cortical layer remains prominent throughout cleavage and until 
the blastoderm is formed, when most of it is incorporated within the 
blastoderm cells. As the nuclei migrate further toward the periphery 
they lie in the larger part of their cytoplasmic islands which assume a 
comet-like shape. The yolk nearer the periphery appears to be richer in 
cytoplasm than that near the center. In the outward migration there is 
a slight increase in the area of the cytoplasmic islands. From all indica- 
tions an amoeboid movement causes the cleavage nuclei to go to the 
periphery. In the first place division of the cleavage nuclei occurs in 
their outward migration and the mitotic plane is not fixed (Fig. 54). 
In the outward migration of the cleavage nuclei some remain behind 
scattered throughout the central yolk mass (Figs. 54-55). These will 
form the vitellophags and are distinguishable from the cleavage nuclei 
at the stage shown in Figure 55 by being smaller and are surrounded by 
a smaller mass of cytoplasm. The vitellophags increase in numbers until 
by 24 hours they are quite numerous and will take part in the formation 
of the dorsal organ. 


BLASTODERM FORMATION 


The cleavage nuclei move nearer the peripheral layer, those reaching 
that area first being situated near the equatorial plane. This is similar 
to the condition Heider (1889) observed in Hydrophilus. In Figure 55 
are shown numerous cleavage nuclei which have arrived at the cortical 
layer and are beginning to push into the granular cytoplasmic material. 
At this stage the cytoplasmic islands of the cleavage nuclei still remain 
intact and have become more rounded in shape, losing the stellar, 
amoeboid appearance. The cleavage nuclei become arranged in a plane 
parallel to the peripheral cytoplasmic layer and begin to push through 
the cytoplasmic granules until they lie closely against the vitelline mem- 
brane (Fig. 56). The cytoplasmic islands still surround the nuclei as 
they migrate through the cortical cytoplasm (Figs. 56-57). The nuclear 
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cytoplasm is now lighter in color than the peripheral cytoplasm with 
which it fuses. At first the cleavage nuclei are situated far apart, being 
separated by a clear non-nucleated portion of the outer cortical layer. 
Soon by mitotic division they become numerous and much closer 
together (Fig. 57). The vitelline membrane bulges out at the places 
occupied by the nuclei until a continuous syncitial layer over the whole 
egg surface is formed. Soon furrows are formed in the cortical layer 
which demarcate the blastoderm cells (Fig. 58). Then there appears a 
basement membrane separating the blastoderm cells from a small part 
of the inner cortical layer and the yolk cells. When first formed the 
blastoderm cells are almost round in shape but soon change to a cuboidal 
shape (Fig. 59). They then become columnar in shape (Figs. 60-61) 
probably due to the addition of remnants of the inner cortical layer and 
also it is due to the pressure of numerous cells packed closely together. 
The completed blastoderm is of equal thickness on all surfaces of the 
egg at this time (10 hours) as shown in Figures 1 and 61. 


APPEARANCE OF THE GERM CELLS 


Just before the blastoderm cells have formed an inner membrane 
there appears at the posterior end of the egg a mass of cells which are 
distinctly different in appearance from the surrounding blastodermic 
cells (Figs. 62 and 64, gc). By close examination of preparations it can 
be seen that these cells are formed somewhat earlier than the surrounding 
cells. They are slightly larger in size and retain a cuboidal shape, 
whereas the surrounding blastodermic cells soon change to a columnar 
or prismatic shape. In Figure 64 it can be seen that the inner walls 
of the blastoderm are not complete and also that the mass of pole cells 
causes a slight bulge in the vitelline membrane. My preparations show 
these cells when they are in the 8-cell stage (Fig. 62). In the course 
of development, however, they increase mitotically until there is a mass 
of cuboidal cells (Fig. 66). A marked distinction is that they stain a 
deeper color than blastoderm cells. The internal make-up is different 
in that the cytoplasm is more granular. In some preparations these cells 
could be seen in the process of mitotic division. They form a mass of 
cells which project out from the blastoderm margin and are held in 
contact by the vitelline membrane. This agrees with the results of 
Inkmann (1933) in Sitophilus granarius. However, my preparations did 
not show such a marked protuberance-like mass as his Figure 16 shows. 
Inkmann states that one could probably trace the origin of the germ 
cells back to one original cell which has arrived at the periphery in this 
region. Brauer (1925) found such a mass of pole cells present in Bruchus 
at the time of blastoderm formation. 

By the time the blastoderm is complete the germ cells have increased 
in numbers by mitotic division and are situated as a mass of cells pro- 
truding slightly outward while the inner ones are pushed slightly into 
the yolk mass (Fig. 65). Gradually the mass of germ cells moves from 
the exterior into the yolk mass (Fig. 66) so that they are ultimately 
situated on the inside of the blastoderm. The blastodermic cells push 
around the mass and fuse so as to form an external blastodermic covering 
for the germ cells. The germ cells remain here until after gastrulation 
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and germband formation when they lie at the posterior end of the 
embryonic rudiment beneath the caudal plate. 


FORMATION OF THE GERMBAND 


The blastoderm is completed by the early part of the tenth hour 
and represents a layer of somewhat columnar cells surrounding the 
whole egg (Figs. 61 and 67). Soon after this the blastoderm cells situated 
on the postero-ventral third of the egg surface become differentiated 
into an area comprised of numerous, very narrow, columnar cells 
(Fig. 68). In this area there seems to be a high rate of cell division sup- 
plemented by a drawing in or massing of the blastoderm cells (Figs. 2 
and 69). By this process there forms an area which stains darker in 
color than the surrounding blastoderm probably due to the aggregation 
of the many cells within which are their dark staining nuclei. This is 
the primordial germband area in which the embryonic rudiment will 
appear (Fig. 2, pgb. a). In toto preparations it appears as a ventral 
plate. Now there can be noticed a rapid breaking down of the yolk 
lying immediately beneath this ventral plate. In consequence of the 
massing of blastoderm cells in this region the remaining blastoderm cells 
situated on the dorsal, lateral, and antero-ventral two thirds of the egg 
become actually stretched and undergo a marked change in shape. 
They become flattened somewhat like squamous epithelium and stain 
lighter in color. This is due to the nuclei being farther apart and the 
intermediate cellular cytoplasm forms a clear vacuolated membrane. 
The nuclei, however, remain large and as seen in Figure 69 cause bulges 
in the membrane wherever they are situated. Development proceeds 
rapidly until the germband is sharply differentiated from the remaining 
blastodermic layer (Fig. 3, gb). By 12 hours there has been formed a 
plate of very compactly pressed, narrow, columnar cells on the postero- 
ventral surface (Fig. 69). It will be noticed that in cross section (Figs. 
68-69) the cells situated in the middle of the ventral plate are columnar 
in shape. However, at each side there is a gradual diminishing of the 
cells in size and number. They change from columnar to cuboidal and 
then there is a sharp differentiation at this point between the cuboidal 
cells and the remaining cells which surround the lateral, dorsal, and 
antero-ventral surface of the egg. These cells have changed from a 
columnar to a flattened, squamous, epithelial-like shape. At the junction 
of the cuboidal cells of the edge of the ventral plate and the flattened 
cellular membrane there will appear later on in development the amnio- 
serosal fold. 

By 12 hours the germband is distinctly demarcated from the mem- 
branous portion covering the egg surface (Fig. 3, gb). It measures about 
twice as long as wide, forming a plate somewhat sub-elliptical in shape. 
This is very similar but larger than the germband plate observed by 
Saling (1907) in Tenebrio. Heider (1889) found in Hydrophilus that the 
posterior and anterior portions of the germband appear before the 
central part. In Calendra the entire germband appears concurrently 
(Figs. 2-3). The germband consists of only one layer of cells at this time 
with the nuclei more or less centrally located (Fig. 69). It grows rapidly 
from this time and increases very much in length as well as width. It 
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finally reaches the anterior pole on the ventral surface and the posterior 
end grows around the posterior pole for about half the distance of the 
length of the dorsal surface (Fig. 12). Then in consequence of the 
development of the organs it is retracted so that it lies entirely on the 
ventral surface (Fig. 24). It broadens out laterally as development 
proceeds and the posterior end becomes dorsally flexed. Calendra callosa 
belongs in that group of insects in which the development of the germ- 
band is intermediate between the immersed and the superficial type as 
described by Korschelt and Heider (1889). Blastokinesis is also inter- 
mediate between the complete rotation type and that in which there is 
little or no movement. My preparations show that the germband 
reaches its greatest length at 18 hours when the cephalic lobes have 
almost reached the anterior pole and the caudal plate reaches about 
half way to the anterior pole on the dorsal surface. The movement 
concerned in this case is that the cephalic lobes migrate anteriorly until 
they form a cup-like structure around the anterior pole and the caudal 
plate is retracted again to the ventral surface until the telson lies at the 
posterior pole. 


GASTRULATION WITH LOWER LAYER FORMATION 


At 14 hours the germband is in the form of an oblong, pyriform plate 
on the postero-ventral surface of the egg (Fig. 4). Attached to its mar- 
gins is the amnio-serosal portion which has been mentioned above. 
The cells of the median part of the germband are more elongate or 
prismatic in shape and are more numerous than those found in the 
lateral edges which are cuboidal in shape (Fig. 70). The germband can 
now be divided into a thicker median portion and two lateral strips 
(Fig. 70). This demarcation is due to the beginning of the two lateral 
longitudinal folds forming at the junction of the lateral strips with the 
edges of the median strip (Figs. 70 and 75). The lateral folds grow 
toward the median line and in consequence of the pressure exerted the 
thicker median strip begins to gradually bend inward into the yolk mass 
beneath forming at first a shallow groove, the first rudiment of the 
gastrula furrow or groove (Fig. 75). In toto preparations the lateral 
folds are quite distinct (Fig. 4). Their inner edges are more defined than 
the outer and at the anterior end of the germband they are more widely 
separated. The lateral folds appear first in the anterior region and 
gradually develop posteriorly. Excepting the wide divergence in the 
cephalic region they remain nearly para'lel throughout the whole length 
of the germband (Fig. 4). 

As the folds grow toward the median line the median strip becomes 
somewhat thicker at the base of the groove due to the rapid cellular 
growth. The cells in this region grow rapidly and become elongated. 
The inner portion of the cells becomes wider and somewhat pyriform 
and the nuclei shift to this area. In cross section the cells are interlaced 
so that the median strip assumes a multilaminar appearance. This, 
however, is not the case at this time because the outer part of the cells 
are very narrow and actually reach the exterior so that the median strip 
is, as yet, made up of only one layer of cells. This one-layered condition 
persists until the time the lateral strips begin to fuse when, as seen 
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later, the lower layer is made up of a mass of cells. On account of the 
compactness of the median strip cells their nuclei are closer together 
causing this part to stain densely and appear darker in color. The lateral 
folds grow until they meet at the median line when the invaginated 
portion forms a tube (Fig. 76). The tubular appearance of the median 
strip is transitory and soon disappears as the lateral folds meet and 
fuse. In toto preparations as well as in cross sections the gastrular 
groove appears wider and less conspicuous at the anterior end, no doubt 
due to the earlier closure of the groove with the formation of the lower 
layer first in this region. At the posterior end the groove is deeper and 
the tubular appearance more pronounced. As the lateral strips fuse the 
median invaginated portion immediately loses its tubular appearance 
and shows as a mass of cells beneath the point of fusion. This mass of 
cells undergoes a rapid change through mitotic division and becomes 
more numerous as well as cuboidal in shape (Fig. 72). This mass is the 
lower layer which will differentiate into the mesoderm and endoderm. 
The lateral strips will give rise to the ectoderm. In Figure 4 is shown 
the formation of the lateral or gastral folds (gast.f) as they appear at 
14 hours. The differentiation of the lower layer which appears first in 
the anterior region proceeds posteriorly (Fig. 76). In the closure of 
the gastrular groove there is a very small portion or spot left open at 
the anterior tip. This forms a slight pit and remains such until the 
stomodaeal invagination occurs. 


DEVELOPMENT OF THE EMBRYONIC MEMBRANES 


The formation of the serosa occurs when the germband is in the 
form of an oblong plate on the postero-ventral surface of the egg. The 
blastoderm which formerly covered the lateral, dorsal, and antero- 
ventral surfaces of the egg has been changed into a thin, sparsely 
nucleated membrane, the serosa (Fig. 69, ser). When the first indication 
of the gastrular groove appears there occurs a rapid mitotic division and 
growth of the cells situated at the outer margins of the lateral strips. 
This is in the region of the junction of the lateral strips with the lateral 
serosal membrane. The area concerned is made up of cells delaminated 
from the serosa and cells proliferated from a narrow part of the thin 
margins of the lateral strips which margin the germband (Fig. 73). The 
cells in this area increase rapidly in number and grow out over the 
germband forming the amnio-serosal fold (Figs. 70 and 73, am. ser. /). 
A fold is formed on each lateral edge of the germband and these grow 
toward each other over the ventral surface. The origin of the cells 
which go to make up the fold is in both the serosa and chiefly in the 
lateral margins of the germband (Fig. 73). The pressure of a rapid 
proliferation is exerted on the cells of the amnio-serosal fold and 
consequently it is gradually pushed over the ventral surface of the 
germband. The two folds meet and fuse so that now there are two 
distinct membranes (Figs. 71-72, am. and ser.). At this time the amnion 
and serosa remain in close contact with each other. The serosa surrounds 
the whole egg surface situated beneath the chorion. It still retains an 
intimate association with the yolk on the dorsal surface and of course 
also the amnion ventrally (Fig. 81). When the amnio-serosal folds fuse 
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there is formed the amniotic cavity between the germband and the inner 
amniotic wall (Figs. 71 and 76). The serosa remains as a distinct 
epithelial membrane covering the whole egg surface throughout devel- 
opment. The amnion maintains its connection with the lateral edges of 
the germband and acts as a protective membrane. There is no disad- 
vantage experienced by the embryo in becoming separated from the 
serosa and it remains always in a superficial position to the yolk except 
the caudal fold which at this time is slightly immersed in the yolk mass. 
The amnio-serosal folds beginning at the anterior end of the germband 
gradually grow posteriorly until the whole ventral surface is covered. 


FURTHER DEVELOPMENT OF THE EMBRYO; SEGMENTATION; 
APPENDAGES; WITH ESPECIAL REFERENCE TO EXTERNAL 
SHAPE AND FORM IN TOTO 


The earliest external indications of embryonic development are 
shown in an egg 8 hours old (Fig. 1). By this time the blastoderm is 
nearly complete and the nuclei stain a deeper reddish color than does 
the surrounding cellular cytoplasm. In Figure 1 the fixing fluid has 
caused the egg contents to shrink away from each end so that the 
blastoderm is clearly seen as a nucleated layer of cells or syncitium cov- 
ering the external surface of the egg and lying beneath the transparent 
chorion. Within the egg contents appear rather large, globular, light 
colored areas or vacuoles (Fig. 1, vac).By 10 hours the blastoderm is 
complete and then there appears the primordial germband area as 
mentioned before (Fig. 2, pg. a). By 12 hours the process of germband 
differentiation is complete (Fig. 3, gb). In toto preparations the serosa 
at this time shows the nuclei widely separated and consequently as a 
whole appears less dense in color and is so thin that the yolk spheres 
can be easily seen through it (Fig. 3). By 14 hours (Fig. 4) the dark 
staining gastral folds and the beginning of the gastral groove can be 
seen. In this region the cells are in rapid division and increase so that 
this section becomes much thicker and swollen slightly above the sur- 
rounding embryonic level. In a late 14 hour stage the anterior half of 
the germband has become broader and somewhat pyriform in comparison 
to the narrower elongated posterior end. This is the first demarcation 
of the cephalic region or lobes (Fig. 5, ceph. 1b.). Now the germband 
begins its growth around the posterior pole forming the caudal plate 
(Fig. 6, cd. pl). Lines of segmentation appear as faintly staining trans- 
verse stripes across the ventral surface of the germband (Figs. 5-6, seg). 
My preparations show that segmentation begins a short time after the 
gastral folds appear. Now the superficial transverse furrows of segmen- 
tation only demarcate the segments which wil! form in the head region. 
Segmentation proceeds gradually posteriorly until the thoracic and 
abdominal regions are demarcated. The shallow segmental furrows 
extend across both the lateral and median strips so that the whole 
germband is divided into a number of somites. Segmentation results 
from the alternate thickening and thinning of the embryonic band, the 
transverse furrows being the thin section. By 16 hours the cephalic 
lobes have assumed a more oval shape and differentiation has begun 
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which appears as deeply stained areas with closely concentrated nuclei 
(Fig. 7). Posterior to the cephalic lobes segmentation has become well 
marked and the gastral groove has almost reached its maximum invag- 
ination. The caudal fold of the germband continues to grow around 
the posterior pole and thence dorso-anteriorly. By 16 hours the germ- 
band lengthens considerably ventro-anteriorly (Fig. 8). The cephalic 
lobes grow laterally and the posterior part of the germband in conse- 
quence of the rapid growth, both ventro-anteriorly and dorso-anteriorly, 
stretches out and becomes much narrower. By 18 hours (Fig. 9) the 
gastral tube becomes detached from the lateral folds and the lower laver 
begins to form anteriorly and proceeds posteriorly. After gastrulation 
a line of closure of the gastral groove persists in all stages up to the 
time of neural groove and neuroblast formation (Fig. 9, pr. st). By 18 
hours the germband has lengthened considerably and the cephalic lobes 
have migrated on the ventral surface almost to the anterior pole (Fig. 
10). The caudal plate has grown rapidly on the postero-dorsal surface 
until now it extends about one third of the distance between the poles. 
The cephalic lobes have grown until they reach the lateral edges of the 
ventral surface. They become somewhat rectangular in shape. An 
anterior rounded extension of the cephalic lobes just in front of the 
blastoporic spot will develop into the future labral lobes (Fig. 9). 
From the posterior edges of the cephalic lobes the germband narrows 
posteriorly until the caudal plate is about one fourth the width of the 
neck region. By 20 hours the germband has reached its greatest length 
(Figs. 11-12). The segments comprising the cephalic, thoracic, and 
abdominal regions are well marked now. The germband (Fig. 12) is 
demarcated into nineteen visible segments. Now the primary cephalic 
region consists of the anterior projecting labral lobes and the broad 
cephalic lobes. The oral aperture will develop just behind the labral 
lobes. The cephalic lobes give rise to the proto-, deuto-, and trito- 
cerebral segments. On the posterior margins of the cephalic lobes are 
the antennal segments which give rise at first to very small protuberances 
which are the rudiments of the antennae. These are post-oral in 
position. The next gnathal segments recognized were the mandibular, 
first maxillar, and second maxillar. The so-called second antennal 
segment was not observed, but the intercalary area can be distinguished. 
By 19 hours the first indication of the leg rudiments appear. The caudal 
plate at 20 hours reaches half way to the anterior pole on the dorsal 
surface (Fig. 12). The abdominal segments are 12 in number with the 
last 3 slightly immersed in the yolk (Fig. 12). At 20 hours (Fig. 13) the 
labral lobes become well defined as a rounded pre-oral area. Just 
posterior to them the cephalic lobes have differentiated into 3 parts and 
the lateral edges have begun to fold inward, thereby greatly reducing 
the surface area formerly covered. Now the 4 post-oral gnathal segments 
and the thoracic segments are already visible (Fig. 13). The primary 
cephalic region has become more compact, the cerebral lobes are forming 
and appear more distinct externally (Fig. 14). The difference in breadth. 
of the different parts of the germband now is not nearly as marked. 
There appears at this stage on several of the anterior abdominal seg- 
ments small dark staining circular spots which no doubt represent the 
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rudimentary abdominal appendages found in some insect groups (Fig. 
14, ra). These are however transitory and disappear by 24 hours. At 
22 hours the retraction of the caudal plate from the dorsal to the ventral 
surface begins. It is seen that in all of these stages the so-called primitive 
line of closure still remains visible along the median longitudinal line 
from the blastoporic spot to the future anal aperture in the telson. The 
appendicular buds have grown in size and are very prominent by 20-22 
hours (Figs. 14-15). These appendages are formed by an evagination of 
the ectoderm in these regions and so from now on cellular activity is 
going on at a rapid rate in them. By 24 hours (Figs. 16-17) the germ- 
band has grown considerably in a lateral direction and the cephalic 
region has almost reached the anterior pole. The labral lobes are more 
distinct and the brain lobes comprise the outer two thirds of the cephalic 
lobes. The inner third of the cephalic region goes to form the stomodaeal 
invagination (which begins at 24 hours) and just posterior to this can be 
seen the outline of the ganglia. By 24 hours the ventral chain of ganglia 
appears in the anterior three fourths of the germband (Fig. 16, gig). 
The appendages are very prominent now, however, the rudimentary 
abdominal appendages do not persist any longer. The dorsal organ 
(Fig. 17, d. 0.) appears at this time in an antero-dorsal position. Along 
with the lateral growth of the embryo there is a gradual blastokinesis. 
The cephalic region is migrating toward the anterior pole and the caudal 
plate is retracting gradually. By 26 hours (Fig. 18) the cephalic region 
has reached the anterior pole and its lateral margins have broadened 
considerably. In Figure 18 the ventral chain of ganglia appears along 
the whole length of the embryo. The stomodaeal invagination has 
become deeper in a posterior direction. By 28 hours (Figs. 19-20) the 
embryo has grown laterally until about half of the ventral surface is 
covered. The caudal plate lies almost at the posterior pole. The cerebral 
lobes are divided into the brain proper, optic ganglia, and optic plates. 
The tracheal invaginations are formed at 28 hours (Fig. 19, tr. inv.). In 
Figure 19 the transverse segmental furrows appear as thin, lighter 
stained lines of demarcation between the segments. The tracheal invag- 
inations occur in the walls of these furrows. At 34 hours they are com- 
plete and the spiracles appear (Fig. 22, spr.). Now the cephalic lobes 
are located at the anterior pole. The gnathal segments are more prom- 
inent and have grown in an oblique direction pointing toward the 
median line. The embryo at this stage covers about two thirds of the 
ventral surface and the caudal vlate is almost at the posterior pole. 
The ventral chain of ganglia is more prominent and is composed of 
pairs of ganglionic cell masses which appear like a double chain. The 
proctodaeal invagination appears at the posterior end of 32 hours 
(Fig. 23, proct). By this time the dorsal organ has increased consid- 
erably in size. By 36 hours (Figs. 24-25) the embryo lies on the ventral 
surface, the caudal fold being ultimately retracted. The proctodaeum 
becomes more prominent and stains a deep red color so that it shows up 
well through the external cellular structure. The brain lobes have been 
turned in and over to a dorsal position (Fig. 24). In consequence of this 
growth the antennae appear on the lateral margins of the ventral surface 
and the two labral lobes at the anterior end. The gnathal segments 
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begin to shift toward the median line (Fig. 24). At 40 hours (Figs. 
26-27) the labral lobes have grown much larger, the antennae are longer, 
and the mouthparts have moved more toward the median longitudinal 
line (Fig. 26). It has been a movement mesad and also somewhat 
anteriorly. The mandibles (md) are very prominent, rectangular in 
shape and now are located laterad of the stomodaeum (Fig. 26). The 
maxillae (mx) are not as large and are situated posterior to the mandibles. 
The second maxillae (Jabi) have moved from a lateral position in a mesal 
and slightly anterior direction until they come to lie on a line posterior 
to the stomodaeum. Just anterior to the stomodaeum can be seen the 
sub-esophageal ganglion (Fig. 26). The thoracic appendages remain in 
the lateral margins of the embryo (Fig. 26). The proctodaeum becomes 
more prominent. At 44 hours (Fig. 28) the mouthparts are more 
prominent, and there is not much change in the thoracic appendages. 
Now the embryo covers the whole ventral surface and the ventral chain 
of ganglia is more prominent. The most outstanding development is the 
growth of the proctodaeum and the appearance of the malpighian 
tubules (Fig. 28, malp.). 

At 48 hours growth is shown mostly in the proctodaeum and mal- 
pighian tubules which become much longer. By 52 hours the embryo 
begins to grow around the lateral margins of the egg. The anterior and 
posterior portions have already started the dorsal growth. The 
tracheal trunks appear on each lateral surface connecting the spiracles 
(Fig. 30, tr). The proctodaeum becomes more tubular in shape and the 
malpighian tubules grow considerably in length. Laterally the margins 
of the embryo extend half way toward the dorsal surface (Fig. 31). The 
stomodaeum has grown considerably in length and near its posterior end 
is the dorsal organ. By 56 hours the mouthparts are well developed, the 
tracheal trunk is quite distinct, and the primary malpighian tubule has 
formed two branches so that now there are three pairs (each primary 
tubule forming three). At 60 hours the two parts of the ventral chain 
of ganglia have become closer together and now they begin an intimate 
association which results in fusion of the external cellular substances. 
Also the median cord forms a part of the median ganglionic substance. 
The proctodaeum is longer and begins to form the first loop (Fig. 33, 
proct). From 64 to 68 hours the embryonic organs grow considerably. 
The labral lobes fuse forming the labrum anterior to the stomodaeum. 
The antennae lie in a dorso-anterior position and become less prominent. 
The mandibles become much larger and pointed at their dista! ends. 
The maxillae are more prominent. The second maxillae fuse forming 
the labium situated ventral to the stomodaeum. The ventral chain of 
ganglia appear fused. The proctodaeum by now consists of several 
tubular loops. By 68 hours the closure of the dorsal wall and the 
sclerotization of the head plates begin (Fig. 37). The leg rudiments 
disappear from view at 72 hours. From 68 to 96 hours there is further 
growth of the mouthparts and other organs which will be discussed later. 


FORMATION OF THE GERM LAYERS 


The Ectoderm.—The embryonic rudiment at the end of 20 hours is 
composed of two distinct layers. The median strip has become invag- 
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inated forming the lower layer. The two lateral strips have come 
together on the median line and fused so that a continuous layer of cells 
is formed externally. This is the ectoderm. Now the ectoderm is 
composed of the entire germband excepting the mass of cells or lower 
layer which in a longitudinal direction lies like a ridge along the median 
line on the dorsal surface of the germband (Fig. 72, /. /.). The ectoderm 
is composed of elongated columnar cells in the median portion of each 
lateral section, and these cells diminish in size as the junction of the 
amnion is reached. Here the cells are more cuboidal. The ectodermal 
cells change in appearance as development proceeds. The nuclei at 
first are spherical but become elongated as the germband grows and 
the cells become more compact. In Figure 81 the ectodermal cells appear 
as being interlaced. The nuclei retain a more or less central position 
with reference to the width of the ectodermal layer. The outer portion 
of the cells seem to be larger while the inner portion tapers to a mere 
string but reaches the inner surface of the ectoderm. The ectodermal 
derivatives will be discussed later. 

The Mesoderm.—When the gastrular tube is formed the lateral strips 
of ectoderm meet and fuse on the median line. The layer of cells forming 
the tube, which has a slight lumen, becomes disconnected from the 
ectoderm and forms the lower layer. Rapid cellular activity occurs and 
the cells increase tremendously in numbers so that an irregular mass 
results from the original layer one-cell in thickness. As the cells increase 
in numbers the pressure exerted on them by the ectoderm externally 
causes the mass to flatten out gradually until ultimately the lower layer 
reaches almost to the point of junction of the ectoderm and amnion 
(Figs. 77-82, J. /.). The lower layer appears much thicker in the anterior 
and posterior regions than in the intermediate portion of the germband. 
In Figures 78 and 80 is shown a congregation or massing of the lower 
layer into the anterior and posterior cell masses (acm and pem). It is 
from these masses that the endodermal rudiments arise. These are quite 
similar to those described by Nelson (1915), Wheeler (1889) in 
Doryphora, and Heider (1889) in Hydrophilus. Calendra callosa is more 
like that found in Hydrophilus. As development proceeds the median 
part of the mesodermal layer breaks down and as a result there only 
remain two rather thick lateral strips which extend from the anterior 
end to the posterior region. Figures 88-89 show the middle portion of 
the mesoderm breaking down. The lateral edges of the mesodermal strip 
will fold in forming the coelomic sacs. 

The Endoderm.—The endoderm arises from the anterior cell mass as 
well as a similar posterior cell mass (Figs. 78 acm and 80 pcm). These 
cell masses are formed from the bottom and walls of the gastral groove 
and appear in between the two lateral arms of the mesoderm. At this 
stage the endodermal cells can not be distinguished from mesodermal 
cells, both being irregular to cuboidal in shape. When the neural groove 
pushes in, this middle strand becomes disrupted and the cells become 
dissociated, some migrate into the yolk and the majority drift to the 
lateral margins of the mesoderm. The middle strand is broken down 
throughout the whole length of the embryo excepting at the anterior and 
posterior ends where there is an accumulation of cells on each lateral 
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mesodermal strip and the masses situated interad to the stomodaeal and 
proctodaeal invaginations (Fig. 96). From all indications the endoderm 
is derived from the lower layer originally in the two cell masses. These 
cell masses are found attached to the inner surface of the stomodaeum 
and proctodaeum and retain this position until the mesenteron is 
formed. From these cell masses thin ribbons of endodermal cells are sent 
backward and forward (Fig. 96 end). The endodermal cells are now 
distinguishable from the mesodermal cells by being more elongated 
spindle shaped and having elongate elliptical nuclei (Fig. 108 end). 


THE DORSAL ORGAN 


At 24 hours there appears an accumulation of cells in the antero- 
dorsal region somewhat beneath the surface of the egg about one fourth 
the length of the egg from the anterior pole (Figs. 17 and 81, d. 0.). This 
mass of cells is formed from the vitellophags which remain behind in the 
yolk on the outward migration of the cleavage nuclei. In Figure 81 the 
vitellophags have increased enormously in numbers so that the yolk 
mass is densely dotted with them. These nuclei are still surrounded 
with islands of cytoplasm and when they come together in a mass the 
cytoplasm fuses so that an elongated elliptical body is formed. In toto 
preparations and sections the dorsal organ at first is somewhat flattened 
dorso-ventrally which gives it the shape of a thin oblong dise with its 
longitudinal axis normal to that of the egg. This disc-like shape soon 
changes to a spherical shape as the nuclei of the mass increase in num- 
bers as shown in Fig. 105 (52 hours). The nuclei at first are scattered 
throughout the cytoplasmic mass without any regularity because at 
this period demarcation into definite cells is not distinct. As mentioned 
above, the dorsal organ does not form at the surface of the egg as there is 
a considerable amount of yolk between it and the serosa. Sections show 
the nuclei in various stages of migration to the dorsal organ and strings 
of cytoplasm extend out into the yolk especially at the points where the 
nuclei had come in contact with the mass but had not fused with it. 
From this it would appear that the dorsal organ is closely associated 
with the cytoplasmic substance of the vitellophags. Some authors have 
found a transitory dorsal organ which they claim forms from an invag- 
ination of the dorsal membrane. This is not the case in Calendra callosa 
as the dorsal organ persists throughout embryonic life and plays a 
definite role. The cells which make up the dorsal organ are very distinct 
from those found in the outer membranes. Upon close examination the 
nuclei appear to have the same characteristics as those of the vitello- 
phags. They stain faintly in the center, darker on the outer rind, and 
retain a circular shape throughout development. The islands of cyto- 
plasm are very granular with a very fine reticulate texture and are 
strikingly similar in staining properties to the vitellophags. On the 
other hand the cytoplasm making up the cellular structure of the serosa 
and amnion is very clear and vacuolated. The nuclei are darkly stained 
and are elongate-elliptical in shape. The dorsal organ appears a consid- 
erable length of time after the embryonic membranes are distinctly 
completed, so there is no connection in their formation. 
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Soon after its accumulation the dorsal organ forms an oblong-oval 
shaped mass and remains in its place of origin for a short period. Figure 
84 shows the dorsal organ as it appears at 36 hours. It has increased 
several times its original size by direct division. In the later stages of 
development the cytoplasm mass surrounding the nuclei forms distinct 
cellular membranes so that now (Fig. 97, 48 hours) the dorsal organ is 
made up of a mass of more or less spherical cells. Now it has increased in 
size and lies in the center of the egg in a transverse direction (Fig. 97). 
The stomodaeum has invaginated to such an extent now that the dorsal 
organ is almost in juxtaposition with it. The dorsal organ migrates 
gradually forward due to its cellular activities. The growth of the 
stomodaeum takes place in a dorso-posteriorly direction until it comes 
in contact with the edge of the dorsal organ. At 52 hours the dorsal 
organ lies in a dorsal position to the tip of the stomodaeum (Figs. 105 
and 108, d. 0.). As development proceeds the dorsal organ assumes a 
more dorsal position now lying between the tip of the stomodaeum and 
the supra-esophageal ganglion (Fig. 110). By this time it has drifted 
out of the yolk mass so that it lies on the surface of the epithelium of the 
mesenteron at the point of junction of this layer with the stomodaeum. 
I have termed it now the supra-esophageal body to distinguish it from 
the so-called subesophageal body found in Calendra as well as in other 
insects. 

The appearance of the dorsal organ or structure has been observed 
in quite a number of different insect groups. It has been an object of 
interest to many investigators and various accounts have been published 
as to its origin and ultimate fate or role. Two types have been observed: 
one which is transitory and the other which persists throughout embry- 
onic life and plays a role in organogeny. 

In Figure 110 the dorsal organ or supra-esophageal body (supr. oe. b) 
has migrated to the dorsal surface and lies between the stomodaeum and 
slightly postero-ventral to the brain. This stage is at 96 hours, the time 
of hatching. The supra-esophageal body lies at the junction of the 
stomodaeum and mesenteron in various larval stages that I have 
examined. The mass was in approximately the same position and closely 
associated with the caecal glands. In this respect the ultimate fate of 
the supra-esophageal body in Calendra callosa is very similar to the 
condition found in Sitophilus oryzae by Mansour (1927). From the 
evidence offered in my material I agree fully with Mansour in assuming 
that this mass probably does have a digestive function because of its 
close association with the alimentary canal, and further since the results 
of my observations show it is formed from the vitellophags in the yolk 
mass it may be assumed that it has a digestive role from the beginning. 

The sub-esophageal body occurs in Calendra as a small mass of cells 
situated in a slightly postero-ventral position to the anterior cell mass. 
In Figure 90 is shown this body as it makes its appearance at 36 hours 
(sub. oes.b). It is a distinct and different body and should not be con- 
fused with the dorsal body. It appears long before the dorsal organ 
migrates to this region. The sub-esophageal body increases slightly in 
size and migrates by 48 hours to a position under and slightly anterior 
to the tip of the stomodaeum (Fig. 104). It remains in this position 
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but increases only slightly in size by the time of hatching (Fig. 110). 
From all indications it arises from the anterior cell mass. 


THE ALIMENTARY CANAL AND ASSOCIATED ORGANS 


The stomodaeum is of ectodermal origin and first makes its appear- 
ance at 24 hours (Fig. 81, stom). At this time there is a small shallow 
pit-like depression (the blastoporic pit in Fig. 9) remaining after gas- 
trulation at the anterior end. Now a small cup-like depression appears 
in the ectoderm exactly at this pit and this forms the stomodaeal invag- 
ination. This not only affects the ectoderm but also the anterior cell 
mass of the lower layer, which is rather thick and lies immediately 
beneath (Fig. 81, acm). By 36 hours it has formed an elongated tubular 
structure (Fig. 90, stom). Now the middle strand has been broken down 
and the anterior cell mass has been pushed in front of the invagination. 
Consequently the anterior cell mass becomes somewhat detached from 
the lateral parts of the mesoderm and remains from now on attached 
to the inner end of the stomodaeum. The direction of invagination now 
changes to a dorso-posterior direction. Figure 96 shows a section through 
the esophageal portion of the stomodaeum. The anterior cell mass with 
its lateral endodermal ribbons (end) are shown in this view. It is inter- 
esting to note the position of the labrum and mandibles in this section. 
The sub-esophageal ganglion appears in a ventral position. Figure 98 
shows the relation of the stomodaeum to the dorsal organ and also the 
position of the mouthparts. By 48 hours the stomodaeum is quite deep, 
and its inner end is forming a shallow concave cup-like structure in 
which is found the anterior cell mass rudiment. An esophageal valve 
was not found and the stomodaeum joins the mesenteron abruptly; the 
characteristic telescoping effect usually formed was not seen in my 
preparations. The stomodaeum is closed off from the mesenteron by a 
membrane or diaphragm (Figs. 108 and 115). The stomodaeum ulti- 
mately forms the larval fore intestine, the buccal cavity, pharynx, 
esophagus, and the proventriculus. 

The proctodaeum is of ectodermal origin and appears at 32 hours as a 
slight invagination near the posterior end of the germband. This pushes 
inward in an antero-dorsal direction and, in a similar way as the 
stomodaeum, gradually shoves the posterior cell mass inward so that it 
becomes less closely attached to the mesoderm (Fig. 23, proct). The 
proctodaeum continues its inward growth and at the same time the 
invagination broadens laterally so that now it appears as a thimble-like 
cavity (Fig. 26). At 40 hours it is quite deep and rapid cellular division 
takes place in this region due to the formation of the diverticula of the 
malpighian tubules (Fig. 87, malp). The malpighian tubules grow out 
from the tip of the proctodaeum as two slender primary diverticula 
(Figs. 28, 87, and 102). From the very first a lumen is present in each 
which is continuous with that of the proctodaeum. They are of ecto- 
dermal origin since they are formed from the same cellular layer as the 
proctodaeum. The proctodaeal invagination grows quite rapidly in a 
somewhat antero-dorsal direction and soon its posterior end becomes a 
narrow tube (Fig. 30). By 52 hours the malpighian tubules form long 
tubes and give off the other pairs of diverticula. Figure 99 shows the 





1937] Wray: Embryology of Calendra 377 


cellular structure and the diverticula. In a sagittal plane a section 
through the proctodaeum shows its internal layer of cells formed into 
six pouch-like diverticula. Around this layer of ectodermal cells is a 
layer of mesoderm and closely associated at the anterior edge is the 
posterior endodermal rudiment. In toto mounts at 52 hours the tubular 
proctodaeum is so long that the first loop is beginning to form (Figs. 
30-31). There are three pairs of malpighian tubules formed and the last 
two pairs arise as lateral evaginations of the primary pair (Fig. 32, mal). 

By 60 hours the proctodaeum has grown in length so that the second 
loop is forming (Fig. 33). In Figure 106 the relation of the proctodaeum 
with the end of the ventral cord is shown. The proctodaeum continues 
to increase in length so that by 96 hours there are four major loops 
(Figs. 34-45). The malpighian tubules grow in length and form numer- 
ous loops which extend anteriorly to about half the length of the embryo. 
The salivary glands arise as ectodermal invaginations on the inner side 
of the rudiments of the mandibles and somewhat between them and the 
base of the first maxillae. Figures 96, 98, and 100 show the glandular 
tubes near the base of the mandibles and maxillae. 


The Mesenteron.—The anterior and posterior cell masses (Figs. 78, 
acm and 80, pem) remain attached to the inner ends of the stomodaeum 
and proctodaeum respectively after the breaking down of the middle 
portion of the endoderm. These give rise to the rudiments of the 
mesenteron. Figure 96 shows the anterior cell mass with two lateral 
endodermal ribbons (end) directed to the edges of the mesoderm. The 
endodermal cells are very distinct from the mesodermal cells at this 
stage. They are flattened elongated cells with elliptical shaped nuclei, 
whereas the mesodermal cells are cuboidal or irregularly polygonal in 
shape with spherical nuclei (Fig. 100). Through continuous cell prolif- 
eration from the anterior cell mass the endodermal ribbons grow out 
laterally and come in contact with the mesoderm and grow posteriorly. 
A similar growth of endodermal ribbons from the posterior cell mass 
takes place. These ribbons grow and spread out laterally until they 
meet and fuse on the midventral line just over the nerve cord (Fig. 100). 
The anterior and posterior endodermal ribbons grow toward each other 
and finally meet and fuse so that now a boat-shaped structure is formed 
(Fig. 104). The dorsal parts of the mesenteron rudiments come to lie 
close to the dorso-lateral mesoderm and as seen later migrate with the 
body wall until its closure. At this time the lateral arms of the mesen- 
teron fuse completing the dorsal portion of the midgut. Figures 99 and 
101 show that the posterior mesenteron rudiment has grown along the 
dorsal wall and lies close to the mesoderm. On the ventral side it has 
grown rapidly forward between the mesoderm and yolk. The boat- 
shaped appearance of the mesenteron at 60 hours is shown in Figure 113. 
By now the lateral portions of the mesenteron have kept pace with the 
body wall growth until the closure is almost consummated. In this 
figure there can be seen the body cavity and also a slight cavity between 
the mesenteron and neural chain which is the epineural cavity. As the 
body wall grows dorsally the ultimate closure results and soon after the 
mesenteron closes over completing the alimentary canal (Figs. 110 and 
115). The epithelial cells of the mesenteron now become somewhat 
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cuboidal or round in shape and the layer as a whole is thicker with 
dark staining nuclei (Fig. 110, epi). The mesenteron is considered of 
endodermal origin conforming closely with the germ layer theory and 
to the developmental processes generally observed in Coleoptera. Of 
the various views as to the method of the formation of the mesenteron 
as outlined by Nelson (1915), I have considered that an anterior and a 
posterior cell mass rudiment forms the mesenteron rudiments, therefore 
the germ layer theory is applicable. This view is shared by Graber 
(1888) in Coleoptera, Wheeler (1889), Heider (1889) in Hydrophilus, 
Brauer (1925) in Bruchus; and, with modifications, by Inkmann (1933) 
in Sitophilus granarius and Paterson (1931) in Euryope. 


THE NERVOUS SYSTEM 

The parts of the nervous system of Calendra callosa arise as ecto- 
dermal thickenings and are derivatives of the ectoderm. 

The Ventral Cord.—At 20 hours after the gastrula invagination has 
closed over throughout the entire length of the germband there still 
persists a slight median longitudinal groove, the so-called line of closure 
(Figs. 8 and 9, pr. st.). Along this line of closure on each side there 
arises an ectodermal thickening which extends from the original blasto- 
poric spot to the terminal segment. These two longitudinal thickenings 
are the neural ridges (Fig. 15, nmeur. rd). By 20 hours segmentation is 
complete and has affected the neural ridges because the portions which 
lie in the middle of the body segments are thicker than the intermediate 
parts. The neural ridges pass around the anterior edge of the future 
stomodaeal invagination (Fig. 13), and there end in the cephalic lobes. 
This portion of the neural ridge will form the esophageal commissure. 
The edges which end in the cephalic lobes will give rise to the brain 
(Fig. 13, br. 1b). At this time the brain is already beginning to form. 
The thickened parts of primitive swellings which occur along each neural 
ridge invariably placed in the middle of each segment begin to show 
rapid cellular activities by 22 hours (Fig. 15). They grow wider and 
thicker whereas the parts of the neural ridges lying between these 
thickenings become narrow ridges of ectoderm. The swollen parts will 
become the ganglia while the narrow connective portions the longitudinal 
commissures. By 22 hours these neural ridge thickenings become more 
constricted on their inner margins. This is due to the primitive line of 
closure slightly sinking in or invaginating its entire length from the 
stomodaeal pit to the last segment. This is the neural invagination 
which forms the neural groove (Fig. 15, meur. gr.). A cross section 
through the germband at this time reveals the neural groove as a slight 
depression. On each side of it the ectoderm is thickened and appears 
multilaminar. At an early stage there occurs a differentiation of cells in 
these areas. Some of the ectodermal cells undergo a marked change and 
become larger, more rounded, and made up of a lighter, granular cyto- 
plasm. Stained with Delafield’s haemotoxylin they appear a faint blue 
to gray in color and much lighter than the surrounding ectodermal layer. 
These are the neuroblasts which can be seen in Figures 77-83 (neur). 
Three of these cells are found on each side of the neural groove in the 
neural swellings. They lie beneath a thin layer of peripheral ectoderm. 
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Soon the neuroblasts begin to form by mitotic division smaller cells with 
dark nuclei, the ganglionic cells. There are quite a number of these cells 
budded off and they assume an irregular spherical mass around the 
mother cells (Figs. 88-89, gug). These spherical masses comprised of 
neuroblasts and ganglionic cells give rise to the lateral cords or the 
longitudinal strand rudiments of the ventral ganglia chain, and sep- 
arate from the external ectodermal layer. 

By this time the neural groove has already invaginated and begins 
to broaden out between the lateral cords (Figs. 88-89). A group of cells 
becomes separated from the bottom of the median groove and remains 
situated beneath the groove and between the two lateral cords. This 
group of cells or middle cord is formed along the whole length of the 
ventral groove and gives rise to the transverse ganglionic commissures 
connecting the ganglia on each side. In the early stages of development 
this middle cord differentiates into intra-ganglionic as well as inter- 
ganglionic connectives. In older stages the middle cord seems to disap- 
pear into the inter-ganglionic region so that only intra-ganglionic or 
transverse commissures are apparent. The origin of the median cord is 
quite similar in various insect groups, that is, arising from the floor of 
the neural groove. Most writers agree with the observations of Hatschek 
(1877) that the intra-ganglionic part of the middle cord forms a large 
part of the middle section and also the transverse commissure of the 
resulting compound ganglion. Figures 88-89 show the cells comprising 
the middle cord at 32 hours. At this stage the cells have become sep- 
arated from the floor of the median groove and there is left a thin 
unicellular peripheral layer of ectoderm which remains as a continuous 
covering. 

As the embryo grows the ventral surface becomes flattened and the 
neural groove invagination and neural ridge indications show only 
faintly from a lateral view. The ganglionic masses become detached 
from the thin ectodermal covering but nevertheless remain situated 
close to it (Fig. 85). In this figure the ganglia have assumed an elliptical 
shape as seen in cross section. The lateral cords also become separated 
from the peripheral ectoderm. The middle cord remains situated close 
to the thin ectodermal layer of the neural groove until 60 hours when its 
cells move into the intrasegmental region to form the median portion of 
the ganglion. The middle cord situated intersegmentally forms a part of 
the peripheral ectoderm. The lateral cords also separate from both the 
peripheral ectoderm and the middle cord, and form the connectives. By 
56 hours the number of ganglion cells has increased greatly in the lateral 
cords (Fig. 32). On each lateral margin of the ganglionic rudiment 
adjacent to the neuroblasts is formed a group of cells which probably 
will form the lateral nerves while a similar layer of cells on the ventral 
surface forms the neurilemma. The nerve fibers arise from the inner 
surface of the lateral cords and the median cord. The ganglionic cells in 
those parts become elongated, spindle shaped and form delicate pro- 
toplasmic fibers which form the commissural fibers. 

The external indications of the ganglionic rudiments show in toto 
preparations as early as 24 hours (Fig. 16, gng). These become more 
prominent by 32 hours when there appears a pair on all of the abdominal 
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segments. In the beginning they are small areas externally and com- 
prise two parallel chains. By 48 hours the lateral cords show in toto 
preparations (Fig. 28). Anteriorly the ganglia are much larger in size 
than those posteriorly. Of the original 17 ganglia only 14 are visible 
now. A fusion has started in the anterior end and also at the posterior 
end. Not much external change occurs in the ganglia through the 
stages until 60 hours. Then the middle cord migrates between the 
ganglia and lateral cords and part of it makes up the median portion of 
the compound ganglion (Fig. 33, gug). This process begins anteriorly 
and proceeds to the posterior end. The cells of the middle cord along 
with the ganglionic cells which comprise the greater part of the ganglionic 
rudiment begin a process of adjustment and rearrangement so that ulti- 
mately a mass of these cells forms a surrounding sheath. Figures 39 and 
43 show the ventral chain of ganglia after it is considerably shortened 
and the pairs of ganglia apparently fused. A ventral diaphragm lying 
over the ventral ganglia was very indistinct. At 52 hours the mandib- 
ular, maxillary, and second maxillary ganglia fuse, thus forming the 
esophageal ganglion (Figs. 105, 108, and 110). The intimate relation of 
the posterior end of the ventral cord and the proctodaeum is shown in 
Figure 106 (60 hours). The circumesophageal commissure arises from 
the subesophageal ganglion and passes around the esophagus to connect 
with the brain (Fig. 105). 

The Brain.—The rudiments of the brain appear earlier than the 
ventral cord and are of ectodermal origin. At 18 hours the cephalic 
lobes are broad and somewhat rectangular in shape (Fig. 10). The layer 
of cells composing the cephalic lobes now becomes thicker than the 
ectoderm of the lateral margins of the germband. Their nuclei become 
larger and seem to stain as light as the ganglionic cells of the ventral 
cord (Fig. 84, 6r). At 20 hours the outer thinner edges of the cephalic 
lobes begin a process of infolding and this is supplemented by a prolifera- 
tion of cells on the dorsal surface (yolk side). Consequently the cephalic 
lobes become greatly thickened and the area which the thin lateral 
margins formerly covered becomes considerably reduced (Fig. 13, com- 
pare the cephalic lobe area with that covered in Fig. 10). In Figure 84 
the cephalic lobe (br) is quite thick and indications of the infolding are 
still present. The neurogenic cells are distinct from the ectodermal cells. 
They are much larger, have larger nuclei, and stain lighter in color. In 
Figure 13 there appears at the lateral margins of the cephalic lobes 
distinct indentations which would indicate segmentation into three 
parts. Meanwhile differentiation has been going on along the median 
groove which separates the two lobes. Prolongations of the neural ridges 
have formed anteriorly until they have reached the lateral and anterior 
margins of the stomodaeum. The neural ridges appear at first as swollen 
portions of the median area but soon become wider and thicker fusing 
laterally with the neurogenic area of the cephalic lobes. Figure 14 
shows the results of the folding of the cephalic lobes (br. 1b). The lateral 
segmentation marks are becoming more distinguished and externally 
the three brain lobes (proto-, deuto-, and trito-cerebrum) can be seen. 
The anterior one seems to be somewhat larger than the others. These 
lines of demarcation in the course of development pass in a transverse 
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direction across the embryo so that the cephalic region is divided into 
three primary segments. 

By 26 hours the cephalic lobes form a cup-like structure around the 
anterior pole and are directed in a postero-dorsal direction. The median 
portion of the cephalic lobes now differentiates into three pairs of distinct 
lobes which are the primary ganglia of the brain (proto-, deuto-, and 
trito-cerebral ganglia). These will form the cerebral lobes of the brain 
proper. Externally they appear distinct as early as 24 hours and more 
so by 28 hours (Fig. 19). Laterad of each pair of brain ganglia there 
now arises another pair of lobes which are the optic lobes. Concurrently 
with the formation of the optic lobes the remaining marginal area breaks 
up into the optic plates. The arrangement of the brain segments with 
respect to the stomodaeum is quite apparent. The protocerebrum is 
pre-oral while the deutocerebrum (at this time) and the tritocerebrum 
are post-oral. This is in agreement with Imms (1925) in that the proto- 
cerebrum is pre-oral. The protocerebrum is somewhat larger than the 
other cerebral lobes. 

By 48 hours the external indications of the brain rudiments become 
less distinct, somewhat similar to the way the neural ridge becomes 
flattened. This is due to a process of delamination by which the brain 
rudiments now separate from the ectoderm. Externally the peripheral 
layer of ectoderm is very thin but when the brain rudiments detach and 
sink in slightly, this layer begins to thicken. The neural cells which 
comprise the brain are formed from neuroblasts in a way similar to 
those of the ventral cord. The nerve fibers arise in the late stages in a 
way somewhat similar to those of the ventral ganglia. The subesophageal 
connectives are formed like those of the ventral cord as they arise by a 
median ingrowth of the ectoderm. Figure 105 shows a section through 
the brain, one esophageal commissure, and the subesophageal ganglion. 
The thin band of fibers is surrounded by a mass of ganglionic cells. The 
pair of circumesophageal connectives arise from the anterior end of the 
subesophageal ganglion, pass dorsad, embrace the esophagus, and finally 
unite with the brain (Fig. 105). The rudiments of the two halves of the 
brain originate distinct from each other and at first are located on each 
side of the cephalic region (Fig. 96). When the head plates have fused 
dorsally the brain lobes move to the dorsal side of the head and then a 
commissure is formed between the cerebral lobes. Figure 111 represents 
a section through the brain after the head plates are complete. The 
protocerebrum forms a connection with the optic lobe and from it pass 
dorsal integumentary nerves. The antennal nerves arise from the deuto- 
cerebrum whereas nerves to the labrum and front arise from the 
tritocerebrum. 

The rudiments of the stomatogastric nervous system arise from cells 
which are evaginated from the median dorsal wall of the stomodaeum. 
This takes place at 48 hours. At 64 hours (Fig. 35) there appears an 
oval ganglionic swelling directed toward the bases of the antennae and 
labrum. This forms the frontal ganglion and consists of a core of nerve 
fibers surrounded by ganglionic cells. From its posterior end there runs 
a very short nerve, the recurrent nerve, posteriorly beneath the brain 
and dorsad to the esophagus and ends in the esophageal ganglion. 
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THE TRACHEAL SYSTEM 


The rudiments of the tracheal system make their appearance only a 
few hours after the ventral chain of ganglia is formed. It is interesting 
to note that the tracheal invaginations appear at about the same time 
that the coelomic sacs form, which is at 28 hours. The germband at this 
stage is distinctly divided into segments by shallow transverse furrows 
which are actually thinner portions of the ectoderm and in toto prep- 
arations appear lighter in color than the segmented ectoderm. The 
rudiments of the tracheal system first appear as a pair of shallow pocket- 
like ectodermal invaginations on the meso- and meta-thorax and on the 
first eight abdominal segments. At 28 hours (Fig. 19, tr, inv.) there are 
evidences of a pair of vestigial invaginations on the prothoracic and also 
on the ninth to eleventh abdominal segments, but these disappear by 
30 hours. Wheeler (1889) found in Doryphora a similar condition with 
vestigial invaginations on the prothorax and on abdominal segments 
10 and 11. 

The invaginations of the ectoderm occur on the antero-lateral mar- 
gins of the segments. They appear so close to the transverse furrows it 
is probable that a portion of the thin furrow wall is pushed in along 
with a part of the segment. The thoracic invaginations occur laterad to 
the limb rudiments which have been formed for some time. They seem 
to appear at the same time in both thoracic and abdominal regions. The 
tracheal invaginations gradually grow inward in a dorsal direction and 
at first form short tubes which are made up of a layer of the peripheral 
ectodermal cells which have not as yet undergone any change in shape. 
Soon these single tubular invaginations widen out at their bases due to 
changes in the cellular wails and form tracheal diverticula (Fig. 89, ér). 
Meanwhile the aperture of the invagination narrows, becomes elliptical 
in shape, and forms the spiracular opening of the trachea (Fig. 21). 
At 32 hours there is a pair of spiracles on the meso- and meta-thoracic 
and on the first eight abdominal segments. From 30 to 52 hours not 
much external change is apparent in the tracheal system as seen in toto 
preparations excepting that it is interesting to note how the lateral rows 
of spiracles retain their positions near the lateral edges of the germband 
and migrate with the germband as it proceeds in its lateral growth to a 
position half way between the dorsal and ventral surfaces (Figs. 19-44). 
In Figures 19-29 the germband has widened considerably and the 
spiracles are now situated only a short distance from the edges of the 
ventral surface of the germband. By 52 hours (Fig. 30) there appear 
the first indications of the longitudinal trunks (tr). The tracheal invag- 
inations grow inward in a dorsal direction forming short tubes which 
connect exteriorly with the elliptical apertures or spiracles and at their 
bases diverticula appear in a longitudinal direction. At this period only 
two branches are noted: one directed forward and one in a posterior 
direction. These continue to grow until they meet and fuse with those of 
the adjoining segment thus completing the longitudinal trunks. This is 
shown in Figure 30 in which both longitudinal trunks are formed. From 
52 to 64 hours the longitudinal trunks migrate laterally. During this 
time lateral branches of the tracheae have formed from diverticula near 
the junction of the longitudinal trunks with the original short slender 
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spiracular branches. These lateral branches are two in number: one 
grows in a ventral direction while the other is directed dorsad (Fig. 35). 
By 68 hours the longitudinal trunks can no longer be seen on the ventral 
surface. They have increased considerably in size and are much larger 
than any of the transverse branches. At 80 hours the first central 
transverse trunk extends through the thoracic region (Fig. 39). 

A ventral and a dorsal transverse tracheal trunk form from divert- 
icula. Finally the two longitudinal trunks are connected by segmentally 
arranged dorsal and ventral transverse branches for each pair of spiracles. 
The branches are at first formed from cuboidal ectodermal cells which 
appear as narrow, intercellular structures. The ramifications of fine 
tracheal twigs which arise from the main trunks are intracellular 
structures. The tracheal tubes by 80 hours become lined with chitinous 
intima which is secreted by the lining cells. This soon becomes thickened 
into the form of fine transverse threads or the taenida which assume a 
spiral arrangement. They appear more distinct in the main longitudinal 
trunks and transverse branches. The transverse branches which grow 
out from the anterior spiracles meet and fuse on the dorsal line to form 
the anterior tracheal loop. From the first spiracular branch a pair of 
rather large branches grow cephalad into the cranial area and break up 
into a number of smaller branches. The anterior loop gives off smaller 
ramifications to the ventral part of the head. There is a posterior 
tracheal loop formed by the last pair of transverse branches, which give 
rise to smaller branches that penetrate the anal region. The main 
longitudinal trunks are about the same size, thick-walled and stout 
throughout, whereas it is noticed that the ramifications of the smaller 
branches as they lengthen become smaller and smaller in diameter until 
the very minute twigs are formed. 


DEVELOPMENT AND DIFFERENTIATION OF THE MESODERM 


At 24 hours the mesoderm consists of two lateral strips which extend 
from the stomodaeal to the proctodaeal area. In cross section they 
appear very thin consisting of a layer not more than two to three cells 
in thickness. When the middle strand breaks down there is a marked 
change. The inner parts of the lateral strips become 4-6 cells in thick- 
ness and this gradually tapers down to the lateral margins which are 
very thin, being only one cell in thickness. The mesodermal cells are 
rather round to cuboidal in shape and stain lighter in color than the 
ectodermal cells. Segmentation affects the longitudinal strips which are 
divided into transverse somites corresponding to the external segments. 
The lateral mesodermal strips appear somewhat moniliform in structure. 
Similar to the metameric appearance of the ectoderm the transverse fur- 
rows constrict the mesoderm so that there is a thickened segmented 
piece and a thinner portion forming the constriction. The coelomic sacs 
appear in the thin lateral margins of the mesodermal segments at 28 
hours (Fig. 95, coel). They are formed in the thinner intrasegmental 
areas of the mesodermal somite by an infolding of the layer of cells. 
The thinner outer one-celled layer separates from the external ectoderm 
and the inner yolk mass and as growth proceeds it turns back over the 
mesoderm rudiment forming the lumen of the coelomic sac. The margin 
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of the infolded layer of cells fuses with the median portion of the meso- 
dermal strip. The median portions appear somewhat like a mesenchyme 
being irregularly arranged (Figs. 92-94, mes). The mesodermal cells of 
this layer forming the dorsal wall of the cavity change in shape from 
cuboidal to a more or less columnar shape. 

The definitive head region is composed of six distinct segments as 
follows: (1) protocerebral, (2) antennary or deutocerebral, (3) trito- 
cerebral or intercalary, (4) mandibular, (5) first maxillary, and (6) 
second maxillary or labial. The paired anterior rounded projections 
lying between the protocerebral lobes are the labral lobe rudiments and 
are considered as antero-median extensions of the protocerebral seg- 
ment, thus they are not considered as a segment. No pre-antennal 
appendages were observed in Calendra as Wiesmann (1926) observed in 
Carausius. The number of head segments in Calendra is similar to that 
observed in Donacia by Hirschler (1924-27) and in Euryope by Pater- 
son (1932). However, there is some difference in the number of seg- 
ments bearing coelomic sacs. The first pair of coelomic sacs was found 
in the antennary segment, but they are rudimentary. Well developed 
coelomic sacs were found in the intercalary, mandibular, first and second 
maxillary, in all thoracic, and all abdominal segments except the last 
two. In Calendra no coelomic sacs or appendages were found between 
the protocerebral and the antennal segments, which agrees with the 
results of Hirschler in Donacia, Eastham in Pieris, and Paterson in 
Euryope. No coelomic diverticula were found. The layer of mesoderm 
cells of the coelomic wall lying next to the ectoderm constitutes the 
somatic mesoderm (som. m) while the inner layer forms the splanchnic 
or visceral mesoderm (splm). The coelomic cavities now begin to increase 
in size and become more elongated. Along the mid-ventral longitudinal 
line the thin layer of splanchnic mesoderm pulls slightly away from the 
ventral nerve cord forming the epineural sinus. At this time this space 
is only situated mid ventrally and represents the rudiment of the 
permanent body cavity. 


DEVELOPMENT OF THE MUSCLES, FAT BODY AND GENITAL 
RUDIMENT 


The coelomic sacs which at first possessed large elliptical lumina now 
are compressed to mere elongated sacs. The mesoderm surrounding 
them has now through rapid cellular growth become quite thick and like 
a mesenchymal mass. Consequently there is exerted a considerable 
pressure on this mass by the yolk mass and the ectodermal layer. The 
germband has by now grown considerably in a dorso-lateral direction 
(Fig. 100). Both the somatic and splanchnic mesoderm are still sep- 
arated by the coelom and are now quite thick, being made up of several 
layers of cells (Figs. 100 and 103). When the boat-shaped mesenteron 
rudiment is formed there is split off from the splanchnic layer on each 
side a thin layer of mesoderm cells which grow ventrally and fuse. This 
layer lies against the mesenteron rudiment and forms the visceral mus- 
cular layer of the mesenteron (Fig. 114). Now a narrow layer of cells 
on each side becomes separated from the outer surface of the somatic 
mesoderm and these grow mid-ventrally and fuse forming a continuous 
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somatic layer extending up to the lateral edges of the body wall. This 
layer becomes situated close to the outer ectoderm and forms the longi- 
tudinal and transverse somatic muscles. The remaining portion of 
mesoderm lying between the two muscular layers forms the fat body 
and other structures. Three groups of muscles were observed in the 
later stages, those of the head, trunk, and alimentary canal. The thin 
layer of muscles formed from the inner wall of the coelom are composed 
of fine delicate fibers with very small nuclei. The longitudinal muscular 
layer, which is composed of fewer fibers, is formed. The muscles of the 
head are composed of parallel fibers which stain deeply. There are 
several pairs of muscles in the head which are attached to the tentorium. 
In Figure 112 there are two groups of large muscles attached to the 
tentorium and also a group of small muscles near the mid dorsal line of 
the cranium. Most of the large, longer muscles are attached ventrally 
to the body of the tentorium and extend to the sides of the head wall. 
Some of the muscles are attached to the anterior arms of the tentorium, 
extend obliquely dorsad and laterad, and become attached to the head 
wall. There were various tendons found among the head muscles. 
Muscles of the pharynx (dilators and constrictors) extend dorsad and 
attach to the body of the tentorium. To the mandibular apodeme are 
attached the flexor (a large muscle) and also an opposing smaller muscle. 
The suspensoria muscles of the esophagus also develop as shown in 
Figures 111-112 (oesus). The muscles of the body wall consist of longi- 
tudinal and transverse layers as shown in Figures 110 and 115 (/. mus) 
and ¢. mus) which are formed from the somatic mesoderm. Muscles 
associated with the circulatory system arise from the somatic mesoderm. 

The fat body rudiments form from the median portion of mesoderm 
which now comprises the remnants of the outer wall of the coelomic sacs. 
It consists of large lightly staining cells. The fat body rudiments are 
found on each side of the body as seen in Figure 115 (fb). They are 
quite distinct from the fat cells which fill up the dorsal part of the 
coelom just beneath the cardioblasts. The oenocytes appear as small 
clusters of cells situated ventrad and slightly posterior to the tracheae, 
and closely associated with the fat body. The oenocytes are of ecto- 
dermal origin and form metamerically arranged groups in the first eight 
abdominal segments. This is similar to the condition found in Donacia 
by Hirschler (1909). Later on the oenocytes are found in the body cavity 
closely associated with the tracheae and fat bodies. In Figure 115 are 
shown large round, deeply stained cells lying close to the ectodermal 
wall and some are in the body cavity which have become detached and 
migrated inward. These are the trichogen cells (¢rich) which appear at 
60 hours. 

The germ cells at 48 hours are situated as a group of cells in the 
postero-dorsal wall of the germband just above the proctodaeum (Figs. 
99 and 101, g). When the embryonic rudiment begins to broaden and 
grow anteriorly in this region, the germ cell mass splits into two parts, 
one in each lateral arm of mesoderm. As the mesoderm develops and 
with the formation of the coelomic sacs the germ cell rudiments have 
been pushed up toward the region where the proctodaeum joins the 
stomodaeum. They are observed situated in the splanchnic layer of 
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mesoderm which covers the inner wall of the primitive cavities. It is 
to be noted that at this stage the narrow layer of visceral mesoderm has 
already split off to surround the mesenteron. Also the somatic layer 
has joined the ectodermal wall so that now the genital rudiment lies in 
the median section which soon breaks up or differentiates into various 
structures. Now a layer of the splanchnic mesoderm surrounds the 
germ cell rudiment as shown in Figure 115. The genital rudiments grow 
anteriorly until by 88 hours (Fig. 41) the gonads are distinctly seen in 
toto preparations as elongated bodies extending up to the first abdom- 
inal segment, and situated in a dorso-lateral position, When the median 
mesodermal wall of the coelomic sacs is differentiating a portion sur- 
rounds the genital rudiment forming a fine filament which connects it 
with the dorsally situated pericardial septum. The genital ducts develop 
as a pair of ducts coming one from each end of the gonads, and extending 
posteriorly where they unite to form one tube before reaching the exterior 
of the embryo (Fig. 41, g). Hirschler (1924-27) in Donacia, Brauer 
(1925) in Bruchus, Paterson (1932) in Euryope, and especially Inkmann 
(1933) in the granary weevil observed similar conditions in the origin 
and migration of the germ cells as those which obtain in Calendra callosa. 


THE TENTORIUM 


From 40 to 48 hours paired ectodermal invaginations appear in the 
cephalic region soon after the mouthparts have assumed their deffinite 
shape and position. These invaginations of peripheral ectodermal cells 
will form the tentorium or endoskeleton. The invaginated ectodermal 
cells at first form tube-like structures with rather large lumina. The 
lumina persist for a considerable length of time and then become flat- 
tened as the parts fuse. There is evidence of four pairs of invaginations 
which go to form the tentorium and mandibular apodeme. (1) There isa 
pair of invaginations situated on the dorsal surface of the head plates 
just before they fuse to form the cranial capsule as shown in Figure 37 
(68 hours at the time of dorsal wall closure). The invaginations occur in 
a dorso-median line in each head plate about equidistant between the 
future epicranial suture and the lateral margins of the head. These 
represent the invaginations of the anterior arms of the tentorium. They 
grow in a ventrolateral direction, passing around the outer edges of the 
brain and meet the dorsally directed arches of the posterior arms which 
by this time have formed slight arch-like plates directed toward the 
ventral surface of the stomodaeum. (2) Figure 112 shows the posterior 
arms of the tentorium (tnt) which arise from a pair of invaginations at 
the bases of and slightly above the first maxillae. These are tubular and 
have much larger lumina than the others. They grow mesally and 
dorsally, and finally fuse with the ventrally projected anterior arms to 
form a much wider and thicker portion which continues to grow mesally 
until both sides fuse in a position dorsal to the esophageal ganglion and 
ventral to the esophagus. This broadened and thickened portion is the 
body of the tentorium which serves as a support for the esophagus as 
well as a protection for the esophageal ganglion. (3) Another pair of 
invaginations appear at the bases of the mandibles. These however are 
not very deep and only push inward a short distance and then curve in 
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a posterior direction forming the mandibular apodeme for the attach- 
ment of the flexor and antagonistic muscles of the mandibles. (4) The 
dorsal arms of the tentorium join the anterior arms at a point near the 
junction of the latter with the body of the tentorium. They extend 
upward to a point of the head wall near the bases of the antennae. Soon 
after the main parts of the tentorium are formed there appear other 
outgrowths which serve for muscle attachment. The tentorial arms are 
at first tubular in form with a sclerotized intima. These gradually 
become flattened and form the plate-like structure which at first stains 
a deep color because their cellular structure is very similar to the external 
ectoderm. Soon the cellular structure of the tentorium is obscure, and 
it appears as a yellowish plate or girdle-like structure which does not 
stain. 


CLOSURE OF THE DORSAL BODY WALL, FORMATION OF THE HEART, 
COMPLETION OF THE MESENTERON, AND FATE OF 
THE EMBRYONIC MEMBRANES 


The lateral walls are approaching each other on the dorsal surface 
and the dorsal area consists of a piece of amnion which is the only 
remnant remaining after the dorsal withdrawal of this membrane into 
the yolk (Fig. 113, am). This thin piece of amnion comprises the primary 
closure of the dorsal body wall. Meanwhile the mesoderm comprising 
the lateral walls has differentiated into the structure just discussed. 
The thin visceral layer of mesoderm surrounds the lateral walls of the 
mesenteron. This layer is made up of elongate, epithelial-like cells 
which stretch around the mesenteron forming a thin sheet of cells which 
forms the mesenteronic muscular layer. A layer of somatic mesoderm 
lies close to the ectodermal wall preparatory to the formation of the 
body wall muscles. The mesoderm along the longitudinal line has 
retracted somewhat to each lateral arm so that there is formed a slight 
space, the epineural sinus, between the yolk and the ventral nerve 
cord. There are scattered throughout this sinus a few cells paler in 
appearance than the surrounding mesoderm cells. These are the blood 
corpuscles which formed from the median ventral strip of mesoderm 
which had previously broken down. The majority of these cells drift 
into the yolk and disappear. The lumen of the epineural sinus soon 
connects with the slight space of the coelomic cavity which is now only 
an intracellular space between the various mesodermal structures. The 
cardioblasts develop from the walls of the coelomic sacs at a point where 
the inner splanchnic and the outer somatic mesodermal layers meet 
dorso-laterally (Fig. 113, dlc). The junction of the somatic and visceral 
layers of mesoderm in the dorso-lateral part of the body walls is shaped 
like an inverted letter V and the cardioblasts compactly fill the space of 
the vertex. They are very distinct from the other cells in the lateral 
arms, being large rounded cells about the size of the oenocytes but with 
a different appearance. The cytoplasm of the cardioblasts is more 
granular, the nuclei larger, and they stain somewhat darker than the 
vacuolated fat cells. Meanwhile in a longitudinal plane the permanent 
coelom is formed segmentally and thus the cardioblasts form a longi- 
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tudinal mass of cells situated in the dorsal part of the lateral arm. From 
the point of fusion of the visceral with the somatic layer of mesoderm 
there is proliferated off a thin layer of mesodermal cells from each side 
(Fig. 114). These thin sheets of dorsal mesoderm then grow toward the 
dorsal median line from each side pushing in between the dorsal layer of 
amnion and the yolk mass. Finally they meet and fuse, thus completing 
the ventral part of the heart. The masses of cardioblasts of each side 
then push toward the median line along with the thin layer of splanchnic 
mesoderm until they reach the median line where the cardioblasts 
become crescentical so as to form the dorsal and lateral walls of the 
heart. By this method the dorsal wall is closed. The dorsal strip of 
amnion forms a part of the dorsal hypodermis. In its final stages of 
development the spacious blood lacuna is strikingly similar to Korot- 
nefi’s Figure B which illustrates the formation of the heart in Gryllo- 
talpa. During the growth and closure of the dorsal wall there is 
proliferated off from the lateral wall mesoderm a thin epithleial plate 
which at first appears like a cord connecting the cardioblasts lying on 
each side in the lateral arms. After the heart has been formed this cord 
of mesoderm forms the dorsal diaphragm or pericardial septum. 

The differentiation of the mesoderm in the head region takes place 
somewhat differently than in the trunk region. The formation of the 
various structures has already been mentioned. The coelomic sac of the 
intercalary segment becomes quite large and extends posteriorly so that 
the sacs are elongated on each side. The inner walls of these sacs give 
rise to the tubular aorta which develops independently of the heart. 
The aorta extends backward and finally forms a connection with the 
heart, thus a vascular tube is formed extending from the intercalary to 
the caudal region. The heart lies along the dorsal mid line between the 
hypodermis and intestine whereas the aorta passes between the cerebral 
lobes and above the esophagus finally opening into the body cavity in 
the intercalary region (Fig. 110, ht and ao). The posterior end is closed, 
the walls of the heart become thick, and ultimately the ostia are formed 
by a sharp infolding of its lateral walls. 

A ventral diaphragm forms from strands of muscle fibers extending 
mesally toward the mid line along the ventral surface just above the 
nerve cord. The formation of the head muscles has been discussed and 
are shown in Figure 115. In Figure 37 the lateral and anterior parts of 
the head capsule have grown in a dorsal direction and there is only a 
small space left on the dorsal median line. The dorsal part of the head 
capsule is finally completed by the fusion of the head plates along the 
mid-dorsal line. This fusion leaves the epicranial suture as a mark of 
dorsal closure of the capsule. The alimentary canal is completed just 
after the dorsal mesoderm forms over the dorsal surface (Fig. 114). The 
lateral edges of the mesenteron grow dorsally, pushing in from each side 
under the mesoderm and over the yolk until the whole dorsal part of the 
mesenteron is complete. At this time the stomodaeal membrane rup- 
tures and the connection of the stomodaeum and mesenteron is formed. 
The wall between the proctodaeum and mesenteron has ruptured soon 
after the closure of the dorsal wall as yolk is present in most of the 
proctodaeum (Fig. 115). Figure 110 shows the completed alimentary 
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canal, nervous system, muscular layers, circulatory system, and other 
structures. 

When the larva is developed it breaks its way slowly out of the 
chorion, during which time the serosa is probably consumed as the 
chorion was the only membrane found after hatching. There is no rota- 
tion at this stage. At 96 hours the larva has well developed mandibles, 
the external body folds are quite apparent, the hairs and spines on the 
head and abdomen are well developed, and the two pairs of hatching 
spines are found on the posterior part of the body. They are heavily 
sclerotized and the sharp points directed forward are used to tear the 
membranes at hatching, which occurs at 96 hours after oviposition. 


SUMMARY 


The first maturation division occurs soon after oviposition. 
The second maturation and fertilization takes place by the end 
of the third hour. The first polar body does not undergo division. 
The polar bodies disintegrate in situ. Cleavage begins in the 
early part of the fourth hour. On the outward migration of the 
cleavage nuclei toward the periphery some are left behind in 
the yolk to form the vitellophags. The cleavage nuclei reach 
the periphery and become arranged in a syncitium on the inner 
surface of the cortical layer before forming the blastoderm. The 
blastoderm forms by ten hours and is considered as homologous 
to the blastula stage in other animals. The germ cells form as a 
mass of cells at the posterior pole just before the blastoderm is 
completed. The germband forms an oblong plate on the 
postero-ventral surface of the egg. The serosa is formed when 
the germband becomes differentiated and comprises the part of 
the blastoderm layer on the dorsal, lateral, and antero-ventral 
surface. Segmentation occurs contemporaneously with gastrula- 
tion. A gastrula tube is formed but the lumen is not extremely 
large. The amnion arises from an amnio-serosal fold in the 
sixteenth hour. 

The neuroblasts are differentiated at an early hour. The 
brain forms shortly before the ventral cord. The mesenteron 
arises from an anterior and a posterior cell mass situated at the 
tips of the stomodaeum and proctodaeum and is considered as 
endodermal in origin. The tracheal invaginations occur on the 
last two thoracic and on the first eight abdominal segments. 
The coelomic sacs develop as infolded edges of the mesoderm. 
The coelomic sacs in the intercalary segment form the walls of 
the aorta. The tentorium is formed from four pairs of external 
ectodermal invaginations. The subesophageal body is considered 
as endodermal in origin. The dorsal body forming at 24 hours 
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from the vitellophags, forms a supra-esophageal body at 4 
hours and ultimately probably enters into the formation of the 
caecal glands. Among the large number of embryos examined a 
small percentage were developed as malformed embryos, but did 
not persist through to the older stages. The dorsal closure is at 
first formed by a piece of the dorsal amnion. The ventral wall 
of the heart is formed from a dorsal mesodermal layer whereas 
the cardioblasts form the lateral walls. The malpighian tubules 
form from a pair of diverticula in the inner end of the procto- 
daeum; then later these give rise to the other two pairs so that 
there occurs three pair of tubules. The amnion is drawn dor- 
sally into the yolk and all but the dorsal strip disintegrates; the 
serosa forms a separate membrane which persists until it is 
probably eaten up before the larva breaks out of the chorion at 
the time of hatching at ninety-six hours. 
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EXPLANATION OF PLATES 
Figures 1-45 are of embryos in toto. (X 25) 


PLATE | 

Fig. 1, View of egg 8 hours old showing blastoderm almost completed. Around 
the egg lies the chorion, and within the yolk occur large vacuoles. Fig. 2, The 
primordial germband area begins to form on the postero-ventral surface of the 
egg at 10 hours. Fig. 3, Ventral view of egg showing germband completed as an 
oblong plate at 12 hours. Fig. 4, In the early 14-hour stage the gastrular folds 
appear in ventral view. Fig. 5, By the late 14-hour stage the gastrular groove 
appears, ventral view. Fig. 6, Lateral view at 14 hours. Fig. 7, Embryo at the 
14-16 hour stage, ventral view. The cephalic lobes are evident. Fig. 8, Embryo 
at 16 hours, ventral view. It has lengthened considerably on the ventral and on 
the postero-dorsal surfaces. Fig. 9, A 16-18 hour stage showing the growth of the 
cephalic lobes and the caudal plate, ventral view. 


PLaTE II 

Fig. 10, Embryo at 18 hours showing blastopore and primitive line of closure. 
The cephalic lobes have almost reached the anterior pole. Ventral view. Fig. 11, 
Ventro-lateral view at 18-20 hours showing appearance of appendages. The embryo 
reaches its greatest length at this time. Fig. 12, Lateral view at 18-20 hours. 
Fig. 13, Ventral view at 20 hours showing formation of the 3 cephalic segments. 
Fig. 14, Ventral view at the 20-22 hour stage showing the appendages well devel- 
oped and the transitory appearance of rudimentary abdominal buds. Fig. 15, 
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Embryo 22 hours old, ventral view. Fig. 16, Ventral view of embryo at 24 hours 
showing brain lobes formed and appearance of the ventral cord. The anterior 
portion of the embryo has grown laterally and anteriorly. Fig. 17, Lateral view at 
24 hours showing appearance of dorsal organ. Fig. 18, Ventral view at 26 hours. 
The caudal plate is almost retracted to the posterior pole. The cephalic lobes 
extend to the anterior pole. 


PLATE ITI 

Fig. 19, Ventral view at 28 hours. The tracheal invaginations appear. Fig. 20, 
Lateral view at 28 hours. Fig. 21, Ventral view of embryo 30 hours old showing 
formation of spiracular apertures. Fig. 22, Ventral view of embryo at 32 hours. 
The proctodaeum is beginning to form. The posterior end now has retracted to 
the posterior pole. Fig. 23, Lateral view of embryo at 32 hours showing position 
with respect to the poles, and also the development of the appendages. Fig. 24, 
Ventral view of embryo at 36 hours showing lateral growth. The mouthparts begin 
to shift near the stomodaeal aperture. The proctodaeum pushes inward. Fig. 25, 
Lateral view of embryo at 36 hours. Fig. 26, Ventral view of embryo at 40 hours. 
The gnathal appendages are now in their definitive position. The lateral margins 
of the germband grow and at this time the embryo covers two-thirds of the ventral 
surface. Fig. 27, Lateral view of embryo at 40 hours. 


PLATE IV 

Fig. 28, Ventral view of embryo at 44 hours. The mouthparts are well devel- 
oped. The lateral margins nearly cover the ventral surface of the egg. The ventral 
chain of ganglia is prominent. The malpighian tubules appear as tubular out- 
growths of the proctodaeum. Fig. 29, Ventral view of embryo at 48 hours. Fig. 30, 
Ventral view of embryo at 52 hours. The mouthparts are well developed, the legs 
are large protuberances on the lateral margins, the malpighian tubules are elongate 
tubular structures, and now the tracheal trunks make their appearance. Fig. 31, 
Lateral view of embryo at 52 hours showing lateral growth and position of dorsal 
organ to stomodaeum. Fig. 32, Ventral view of embryo at 56 hours. Fig. 33, Ven- 
tral view of embryo at 60 hours. The tracheal trunks are now at the very edge of 
the ventral surface due to the lateral wall growth. The ventral chain of ganglia 
begins to form the middle cord. Fig.34, Ventral view of embryo at 64 hours. Fig. 
35, Lateral view of embryo at 64 hours. The brain and frontal ganglion are well 
developed; the tracheal branches begin to form transversely. Fig. 36, Ventral 
view of embryo at 68 hours. 

PLATE V 

Fig. 37, Dorsal view of embryo at 68 hours showing dorsal wall closure. Fig. 
38, Ventral view of embryo at 72 hours showing the ventral chain of ganglia well 
developed, the loops of the proctodaeum and malpighian tubules. Fig. 39, Ventral 
view of embryo at 80 hours. Fig. 40, Ventral view of embryo at 84 hours. Fig. 41, 
Ventral view of embryo at 88 hours showing the head region delimited from trunk; 
the appearance of the gonads when they are almost fully developed. Fig. 42, Dor- 
sal view of embryo at 88 hours showing dorsal wall fused and the invaginations of 
the tentorium are yet evident. Fig. 43, Ventral view of embryo at 92 hours. Fig. 
44, Lateral view of embryo at 94 hours showing well developed tracheal system. 
Fig. 45, Lateral view of larva before hatching showing the hatching spines. 


PLATE VI 

Fig. 46, Cross section through egg just after oviposition showing position of 
nucleus at periphery. (X 25). Fig. 47, Section within one hour showing first 
maturation. (X 200). Fig. 48, Section of egg showing second maturation. (X 200). 
Fig. 49, Section through anterior end of egg showing the position of the female 
pronucleus and male pronucleus before maturation. (X 125). Fig. 50, Longitudinal 
section through anterior end of egg showing fusion of male and female pronuclei. 
(X 125). Fig. 51, Cross section showing first two cleavage nuclei. (xX 125). 


PLATE VII 
Fig. 52, Cross section showing second cleavage. Fig. 53, Cross section show- 
ing cleavage about the 16-cell stage. Fig. 54, Cross section showing late cleavage 
and the nuclei near the periphery. Fig. 55, Section showing cleavage nuclei at 
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margin of cortical layer just before their entrance. Fig. 56, Section through egg 
showing cleavage nuclei pushing through cortical layer preparatory to forming the 
blastoderm. Fig. 57, Section showing early blastoderm formation. Fig. 58, Sec- 
tion showing the blastoderm cells with their outer walls differentiated. Fig. 59, 
Section of egg 10 hours old showing the completed blastoderm; the cells are 
cuboidal in shape. Fig. 60, Section through blastoderm to show the change in 
shape of the cells from cuboidal to columnar shape just before germband formation. 
(All figures X 125.) 
PLaTE VIII 

Fig. 61, Longitudinal section through the egg to show the shape of the blasto- 
derm cells over the entire surface of the egg. (X 125.) Fig. 62, Section through 
posterior end of egg showing the group of germ cells forming. (xX 250). Fig. 63, 
Section showing germ cells differentiated from blastoderm cells. (X 250). Fig. 64, 
Section somewhat later showing outward bulge of germ-cell mass. (X 250). 
Fig. 65, Section through egg at posterior pole showing germ-cells. (X 250). Fig. 
66, Section through posterior end of egg showing germ-cells pushing into yolk. 
(X 250). 


PLATE IX 
Fig. 67, Cross section of egg at a stage when the blastoderm is complete. 
(X 125). Fig. 68, Cross section showing formation of germband and serosa. 
(X 125). Fig. 69, Cross section showing germband and serosa formed. (X 125). 
Fig. 70, Section through germband showing the formation of the amnio-serosal 
fold. (X 125). Fig. 71, Section through germband at the time of the formation of 
the gastrular groove. (X 125). Fig. 72, Section through germband showing lower 
layer formed. (X 125). Fig. 73, Section through amnio-serosal fold showing cells 
of serosa and those of the lateral margin of germband taking part in the fold. 
(X 550). Fig. 74, Section through germband showing cells in middle plate begin- 
ning to form the gastrular fold. (X 125). Fig. 75, Section through germband at 
the time the gastrular fold appears. (X 125). 


PLATE X 


Fig. 76, Cross section through posterior end of egg showing the caudal fold of 
the germband. As yet the lower layer has not formed in this section. Fig. 77, 
Section through germband at 24 hours showing lower layer formed and the neuro- 
blasts. Fig. 78, Section through cephalic region showing the anterior cell mass 
at 24 hours. Fig. 79, Section through thorax at 24 hours. Fig. 80, Section through 
posterior end of embryo at 24 hours showing posterior cell-mass. Fig. 81. Longi- 
tudinal section through embryo at 24 hours showing appearance of dorsal organ 
and the stomodaeum. The anterior and posterior cell masses are apparant. Fig. 
82, Section through abdomen at 22 hours showing neuroblasts forming. Fig. 83, 
Section through anterior end of embryo showing appearance of tracheal invagina- 
tions and coelomic sacs at 28 hours. (All figures X 125.) 


PLATE XI 
Fig. 84, Longitudinal section through embryo at 36 hours showing formation 
of brain, dorsal organ, and appendages. Fig. 85, Section through labium at 32 
hours. Fig. 86, Section through labrum at 32 hours. Fig. 87, Section through 
malpighian tubules and proctodaeum at 40 hours. The malpighian tubules are 
just forming. Fig. 88, Section through thorax at 32 hours. Fig. 89, Section through 
posterior part of abdomen at 32 hours. (All figures < 125.) 


PLATE XII 

Fig. 90, Longitudinal section through embryo at 36 hours showing stomo- 
daeum and proctodaeum. (X 125). Fig. 91, Section through mandibles and max- 
illae at 36 hours showing tentorial invagination. (X 125). Fig. 92, Section through 
thorax at 36 hours showing coelomic sacs and tracheal invaginations. (X 125). 
Fig. 93, Section through posterior end of abdomen showing coelomic sacs. (X 125). 
Fig. 94, Section through leg rudiments at 36 hours. The coelomic sacs are well 
formed. (X 125). Fig. 95, Section through coelomic sac showing structure of 
cells. (X 550). 
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PLATE XIII 
Fig. 96, Section through mandibles and labrum at 40 hours. Fig. 97, Section 
through anterior part of egg showing dorsal organ at 48 hours. Fig. 98, Section 
through mandibles and maxillae at 40 hours. Fig. 99, Section through proctodaeum 
at 48 hours showing relation of posterior endodermal rudiment to tip of procto- 
daeum. Fig. 100, Section through gnathal region showing salivary glands forming; 
the endodermal ribbons are growing ventrally. Fig. 101, Sagittal section through 
proctodaeum at 48 hours showing the six pouch-like diverticula in its inner wall. 
Fig. 102, Section through proctodaeum at 44 hours showing formation of mal- 
pighian tubules. Fig. 103, Section through leg rudiments showing shape of 

coelomic sacs at 44 hours. (All figures X 125.) 


PLATE XIV 

Fig. 104, Longitudinal section through embryo at 48 hours, showing the brain, 
stomodaeum, and mouthparts. The endodermal strips can be seen at each end. 
The mesodermal layers (somatic and splanchnic) are present. Fig. 105, Section 
through cephalic region of embryo at 52 hours, showing the brain, esophageal 
commissure, subesophageal ganglion, position of dorsal organ, and the anterior 
endodermal rudiment. Fig. 106, Section through proctodaeum at 60 hours showing 
relation of ventral nerve cord to aperture in position. Fig. 107, Section through 
brain lobes at 52 hours. Fig. 108, Section through stomodaeum at 60 hours. Fig. 
109, Section through mandibles and labrum at 60 hours. (All figures X 125). 


PLATE XV 

Fig. 110, Longitudinal section through embryo at 94 hours showing the various 
organs developing. The supra-esophageal body is in its definitive position. Fig. 
111, Section through head at 76 hours showing tentorium, and relation of brain 
lobes; the muscles are forming. Fig. 112, Section through head at 76 hours showing 
tentorium and muscles. Fig. 113, Section through abdomen at 60 hours. Fig. 114, 
Section through posterior part of abdomen at 68 hours. Fig. 115, Section through 
posterior part of abdomen at 88 hours showing heart, gonads, intestine, and other 
structures. (All figures xX 125.) 


ABBREVIATIONS 


A, anus; ACM, anterior cell mass; am, amnion; am. ser. f., amnio-serosal fold; 
ant, antenna; antr, anterior; ao, aorta; a. pl., anal plate; blast, blastoderm; Dl. c., 
cardioblasts; blpr, blastopore; br., brain; br. lb., brain lobe; cd. f., caudal fold; 
c. pl., caudal plate; ceph. lb., cephalic lobe; chor. chorion; cl. bw., closure body 
wall; cl. nu., cleavage nucleus; coel, coelomic sac; cort. 1., cortical layer; cr, cranium; 
d. cer., deutocerebrum; d. o., dorsal organ; ect, ectoderm; end, endoderm; epi, 
epithelium; f. b., fat body; f. c., fat cells; g, gonad; gast. c., gastrula cells; gast. f., 
gastrular fold; gast. gr., gastrular groove; gb, germband; g. c., germ-cells; gng, 
ganglion; At, heart; A. int., hind intestine; hat. sp., hatching spines; h. pl., head 
plate; /abi, labium; /abr, labrum; /eg, leg; /. l., lower layer; /. mus., longitudinal 
muscles; m, mouth; malp, malpighian tubule; mes, mesoderm; mes. /., mesodermal 
layer; md, mandible; m. int., mid-intestine; mus, muscle; mx, maxilla; neur, neuro- 
blast; neur. rd., neural ridge; meur. gr., neural groove; nu, nucleus, zygote; nuctpl, 
nuclear cytoplasm; ve, stomodaeum, esophagus; oecom, esophageal commissure; 
oen, oenocyte; oesus, esophageal suspensoria; 0. p. g., optic ganglion; o. pl., optic 
plate; pb, polar body; p. cer., protocerebrum; p. c. m., posterior cell mass; pgb. a., 
primordial germband area; post, posterior; proct, proctodaeum; pr. st., primitive 
line of closure; ra, rudimentary abdominal appendages; sal. gl., salivary gland; 
seg, segment; ser, serosa; som. m., somatic mesoderm; sp, sperm; spl. m., splanch- 
nic mesoderm; spr, spiracle; stom, stomodaeum; suboes. b., subesophageal body; 
suboesoph. gng., subesophageal ganglion; supr. oe. b., supraesophageal body; fel, 
telson; ¢. mus., transverse muscles; tnt, tentorium; ¢r, trachea; tr. cer., tritocere- 
brum; ¢rich, trichogen; tr. inv., tracheal invagination; ¢. tr., transverse tracheal 
branch; ?¢tr. ¢., tracheal trunk; vac, vacuole; vitel, vitellophag; vit. m., vitelline 
membrane; y, yolk; yb, yolk body. 
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PERILESTES CASTOR AND P. POLLUX, NEW DRAGON- 
FLIES FROM ECUADOR, WITH NOTES ON P. KAHLI 


(Odonata: Lestidae) 


CLARENCE HAMILTON KENNEDY, 
Ohio State University, 
Columbus, Ohio 


The following descriptions and notes are on material collected 
by the Indian crew of William Clarke-Macintyre on the head- 
waters of the Rio Napo, a tributary of the Amazon in the 
Province of Oriente, Ecuador. It is a region of swift jungle 
streams at an elevation of 500 to 800 meters above sea-level. 

For some reason Perilestes are difficult to collect. During 
three years of regular shipments of Odonata from this region 
less than twenty specimens have come to hand. These cover 
three species, two of which are undescribed. The whole 
material shows that the Indian field collectors tend to take 
easily caught species. Species of Argia, Heteragrion and 
Acanthagrion are one-fourth to one-half of the total material 
in each shipment. Macintyre indicates in letters that the 
jungle is so dense the greater part of the collecting is done 
along jungle paths which have to be brushed out on setting up 
each new camp. Probably Perilestes are jungle insects that 
fly among or under vegetation where it is difficult for the 
collector to go. 

The genus Perilestes stands by itself in the South American 
fauna but is associated there with genera of other families whose 
fossil relatives are found in the Eocene (Green River Forma- 
tions) and Miocene (Florissant) of North America. As the 
North American fossils and their surviving faunal associates, 
Paraphlebia and Thaumatoneura, are more closely related 
to living oriental genera than they are to the present South 
American fauna probably Perilestes and the other primitive 
South American genera represent a fauna either earlier than 
that of the Eocene and Miocene of North America or a con- 
temporaneous fauna which reached South America over some 
other route than by way of Behring Straits and North and 
Central America. Present evidence can be interpreted either 
way. 

Because of this interest in Perilestes as one of South 
America’s ‘‘living fossils’? and because it has had few illustra- 
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tions in Odonate literature, we have figured various of its 
peculiar structures to an extent greater than customarily 
allotted new species. 

The monograph of the genus by E. B. Williamson and J. H. 
Williamson (1924) suggests two distinct groups within the 
genus but even the venational characters intergrade while other 
characters cross over in such a bewildering fashion that without 
a complete knowledge of habits, distribution and larvae it 
would be very indiscrete to split the present genus into two 
subgenera. 

In 1920 the writer showed by a study of the penes of the 
Zygoptera that Perilestes was probably Lestine in the broadest 
use of that term. The penes in the species examined lack the 
terminal segment as is characteristic of all Lestidae. (In 
kahli (figs. 20 and 21) a pseudo-terminal segment is formed by 
the terminal fold which is closely attached to the end of the 
second segment and is erect but not sclerotized as a terminal 
segment usually is as a whole or is at least a part. The Lestine 
character of the genus is again corroborated by the possession 
of a Lestine quadrangle and Lestine appendages in the male. 

The genus has various other peculiar specializations, the 
very slender abdomen, the extreme petiolation of the wings 
with the attachment of the apex of the Lestine quadrangle to 
the anal edge of the wing, the extremely long leg spines, the 
winged mesostigmal laminae in some of the species, the loss of 
the inferior abdominal appendages in the male, the specialized 
penes; in the female the two hooks on the apex of each ovipositor 
valve and the long curved styli. 

In the following descriptions we have roughly paralleled 
those in the Williamson monograph for ease in comparison. 
For each species we have figured an appendage (figs. 3, 6 and 9) 
as far as possible in the position figured in the monograph as 
checks across to that important publication. 


Perilestes castor, n. sp. 
(Figs. 1-3, 10, 13, 16, 17, 22, 23, 26, 27, 28, 32, 33, 36.) 

This is a species with brown labrum, black stigmas and 
yellow (or bluish) thoracic ventor. Its closest relative is the 
next, pollux n. sp. Castor=the twin brother of Pollux. 

Holotype, male. Abdomen 53 mm., including appendages; hind 


wing 25.5 mm.; stigma, front wing, 1.4 mm., hind wing, 1.5 mm.; 
abdominal appendage, 1.5 mm.; anterior lamina (first hamule) of 
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abdominal segment 2 from apex of segment 1 to tip of lamina, 1.5 mm. 
(See fig. 18. The anterior end of hamule extends cephalad under 
posterior end of segment 1. The hamule itself is 1.90 mm. long.) 
Head with labium and bases of maxillae pale; labrum light brown 
clouded with darker brown as follows: a narrow line along lower edge, 
a median and two lateral areas on its upper half. Clypeus dark brown 
with three small lighter spots on its anterior face, one median and one 
on each outer angle. Bases of mandibles dark brown, lighter below. 
Genae, frons, vertex, occiput and under surface of cranium black with 
greenish metallic reflections on front and dorsal areas, except a broad 
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Fics. 1-3. Perilestes castor, male appendages drawn from paratype, 
checked on holotype. 


pale area, one-third the width from eye to eye, underneath about the 
foramen magnum. Basal segment of antenna pale, second light brown, 
darker at apex, third dark brown. 

Prothorax (fig. 32) with broad brown dorsal stripe covering the middle 
two-fourths of anterior lobe, excepting the light anterior edge, slightly 
wider on middle lobe and covering the middle two-fourths of the posterior 
lobe; upper side with pale stripe half as wide as dorsal brown stripe; 
lower side and posterior angle dark brown except lower edge of side 
narrowly yellow. 

Synthorax with mesothorax entirely brown on sides and above, 
except lower third of mesinfraepisternum pale and a pale (yellow or 
greenish) antehumeral stripe one-third as wide as mesepisternum 
which fades out above at the humeral suture indentation. Antealar 
carinae and areas largely brown excepting the carina and area above 
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the metepisternum. Metathorax yellow (or greenish or bluish’) except 
posterior half of metaepisternum which is brown with a sinuous anterior 
edge along its upper half. Ventral surface pale except a brown line 
between the metacoxae. All coxae and trochanters yellow. Femora 
pale brown, darkening towards apex. Tibiae yellow with an obscure 
brown stripe on internal surface. Tarsi pale. Leg spines brown. 
Wing veins brown except bases of main veins lighter. Stigmas very 
dark brown (black without magnification). 

Mesostigmal lamina terminating on either side of anterior end of 
humeral suture in a high, acutely angled lobe easily seen from above 





J 


Fics. 4-6. Perilestes pollux, male appendages drawn from paratype, 
checked on holotype. 


and behind. (Fig. 28.) (This lateral lobe does not have as acute an 
angle as it does in the pollux male.) 

Front wings of holotype (fig. 22, paratype) with postnodals 16-16, 
hind wings 14-13; Rs arising, front wings, at level of postnodal 8-9, 
hind wings at 8-7 (left hind wing lacks one postnodal); Mya arising, 
front wings, at level of postnodal 14, 3 cells before level of stigma, in 
hind wing at 12-11, 3 cells before level of stigma. Apex of Cue reaching 
just beyond level of origin of Mz or one cell farther. Number of cells 
posterior to Cue, front wings 15-16, hind wing 14-15. 

Abdomen with segment | pale except dorsum obscurely darker and a 
dark brown apical ring. Segment 2 with dorsum and upper third of 
side dark brown except narrow basal pale cross stripe interrupted 
medially, the .brown dorsal area extended over lower posterior angle 
of side. Anterior hamules (ant. laminae of Williamson) dark brown to 
black. Pale area of lower side yellow. Segments 3-6 ringed black and 
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yellow as follows: narrow basal ring pale; second ring four times as wide, 
black; third ring pale, as wide below as second, fading out dorsally; 
fourth occupying median two-fourths of segment, black and shading 
into ring five of half its length, pale; apex of segment with ring six, 
black, and equal in length to ring 2. Segment 7 dark brown with 
narrow basal pale ring and obscurely paler on anterior area of side. 
Segment 8 similar but pale basal ring broken dorsally. Segments 9 and 
10 black dorsally and laterally. Sternum of 1 yellow, of 3-6 barred 
yellow and black following the ringed pattern, of 7-8 dark brown, 
9-10 pale blue. 

Appendages yellow, paraprocts brown. 

The appendages (figs. 1-3) viewed from above are almost identical 
with those of pollux (figs. 4-6) but differ in some minor characters. 





Fics. 7-9. Perilestes kahli, drawn from male collected on the Rio 
Jatun Yacu, Ecuador. 


(These differences are stated following the description of pollux.) 
For the characters of the male appendages of castor refer to fig. 2. 
Viewed from above the basal two-fifths is broad with outer contour 
slightly concave, inner contour deeply concave to one-fourth the width 
of base of appendage. The outer half of the end of the broad base of 
the appendage supports the apical arm: the inner half of the end of 
the broad base is the distal contour of a broad-based lobe or spine 
which is directed entad and ventrad at an angle of 45°; viewed from 
above this spine subtends an angle of 60°; its distal edge is slightly 
convex. The apical arm of the appendage terminates in an oval tipped 
lobe whose width is one-fifth the length of the apical arm. The apical 
arm bears on its inner edge a shelf-like lobe whose width is one-third 
of the arm (and lobe) at the level of the lobe. 

In castor the paraprocts are smooth and heavily sclerotized on their 
inner upper edges as though they might have a grasping function. 
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At the upper posterior angle is a low sclerotized triangular tubercle 
visible from the side which is the enlarged upper end of the sclerotized 
posterior edge of the paraproct. (Fig. 1.) 

Perilestes castor is most closely related to P. pollux described 
next. It differs in having a black stigma and pale metasternum. 
Structural differences are given following the description of 


pollux. 





Fic. 10. Perilestes castor, male abdominal segments 1 and 2, from paratype. 
Fic. 11. P. pollux, from paratype. 
Fic. 12. P. kahli, from Rio Jatun Yacu male. 


IIolotype, male, in Williamson Collection, Zoological 
Museum, University of Michigan. Collected by William 
Clarke-Macintyre, November 11, 1935, at El Partidero, on 
the Rio Anzu about two days’ journey above Napo on the 
Rio Napo, to which river the Anzu is tributary. Elevation 
approximately S00 meters, a region of swift, tropical, jungle 
streams, Prov. of Oriente, Ecuador. 





416 Annals Entomological Society of America [Vol. XXX, 


Allotype, female. A teneral dissected for study of parts before it 
was discovered on finding a single male kahli that the well preserved 
females were kahli. Abdomen 45 mm.; hind wing 28 mm.; stigma, 
front wing, 1.4 mm., of hind wing 1.5 mm. 

Head colored as in teneral male. Ground color pale brown with 
an intricate pattern of darker brown spots and marks on face and 
dorsal surface. Outer basal angles of labrum dark; three dark spots 
on horizontal surface of clypeus; a narrow dark line about base of each 





Fic. 13. Perilestes castor, male abdominal segments 1 and 2, from paratype. 
Fic. 14. P. pollux, from paratype. 
Fic. 15. P. kahli, from Rio Jatun Yacu male. 


antenna; occiput, dark with a line running from each outer end 
diagonally forward to the orbit of its side. 

Thoracic pattern as in the male but sternal areas entirely pale. 
Legs pale except tip of femur and tip of each tarsal segment brown. 

Mesostigman lamina as in male except the lateral erect lobe is 
right angled rather than with an attenuate point asin the male. (Figs. 
26 and 27.) 

Fore wings with postnodals 15-17, hind wings 14-14; Rs arising, 
front wings at postnodal 9 (left), 8 (right), in hind wings at 8 (left), 
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9 (right); Mj), arising in front wings 4 cells before stigma (left), 3 before 
stigma (right); in hind wings at 2 cells before stigma (left), 3 before 
stigma (right). Apex of Cue reaches level of base of Mz in front wing, 
one cell beyond level of origin of Rs in hind wing. Number of Cu, 
cells, 17 in front wing, 14 in hind wing. (Fig. 23.) 

Abdomen with pattern of segments 1-7 as in male. Pattern of 
segments 8-10 lost by boiling out terminalia. 

Ovipositor and terminal appendages shown in fig. 36. 


Allotype, female, in Williamson Collection, Zoological 
Museum, University of Michigan. Taken by William Clarke- 
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Fics. 16 and 17. Perilestes castor, penis, from paratype. 
Fics 18 and 19. P. pollux, from paratype. 
Fics 20 and 21. P. kahli, from Jatun Yacu male. 


Macintyre, November 20, 1935, on ‘‘Napo Watershed,” 
probably at El Partedero, Rio Anzu, Prov. Oriente, Ecuador. 

Paratypes consist of three males, one collected at El Partidero 
on the upper Rio Anzu, September 19, 1935, two at the same 
place November 11 and November 14, 1935. All have color- 
ation similar to that of the holotype. Length of abdomen 
51 mm., 51.5 mm. and 52 mm. Length of hind wing (in same 
order) 26 mm., 26 mm., and 25.5 mm. 
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Perilestes pollux, n. sp. 
(Figs. 4-6, 11, 14, 18, 19, 24, 29, 30, 34.) 


This is a species with black labrum, red stigmas and black 
thoracic sternum. Its closest relative is the preceding species, 
castor. Pollux =the twin brother of Castor. 


Holotype, male. Abdomen 51 mm. including appendages; hind wing 
24.5 mm.; stigma, fore wing, 1.2 mm., hind wing, 1.30 mm.; abdominal 





Fics 22 and 23. VPerilestes castor. 
22. Wings of male paratype. 23. Wings of female allotype. 


appendage 1.5 mm.; anterior lamina of abdominal segment 2, from apex 
of segment 1 to posterior tip of lamina 2 mm. 

Head with labium entirely pale; labrum black with middle third of 
inferior edge brown; clypeus dark brown, edged at base next frons with 
pale brown; base of mandible pale, darker above; gena black except for 
pale spot at base of mandible; frons, vertex, rear and under side of head 
black with greenish metallic on dorsal surface, bronzy metallic on rear 
and ventral surface, except for a pale area about occipital foramen; 
antennae dark brown. 
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Prothorax with anterior lobe pale brown shading into pale on its 
vertical sides; middle and posterior lobes brown above, sides pale 
(yellowish or pale bluish?) with large oval brown spot on middle of 
side. (Fig. 34.) 

Synthorax with middorsal keel black, finely edged with brown 
above. Mesepisternum chocolate brown, its outer third with a pale 
antehumeral stripe curving out from side of mesostigmal lamina and 
ending above at the lower end of the humeral suture indentation. 
Mesepimeral area brown which stripe contacts the mes- and metepi- 
sternal brown above, and below extends across upper two-thirds of the 








Fic. 24. Perilestes pollux. Wings of male paratype. 
Fic. 25. P. kahli, Wings of female, Rio Jatun Yacu. 


mesinfraepisternum. Metepisternum with anterior three-fifths pale 
(yellow or pale blue’), the stripe pointed above and extending below 
across lower posterior angle of mesinfraepisternum and over outer 
surface of mesocoxa; posterior third of metepisternum brown, extending 
over upper half of metacoxa; metepimeron pale (yellow or bluish?), 
tinged with brownish in its lower or anterior end. Metasternum black 
as are femora and tibiae. Anterior trochanter pale, middle brown, 
posterior black, feet brown. Wing veins dark brown; stigmas red- 
brown. 

Mesostigmal lamina terminating on either side at the anterior end 
of humeral suture in a high and acutely angled lobe easily seen from 
above and behind (figs. 29, 30). 
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Fore wings with postnodals 14-14, hind wing 12-12; Rs arising, 
front wings, at postnodal 7, hind wings at 6-7.5; Mya arising, front 
wings, at postnodal 11 and 12, four cells before level of stigma, in hind 
wing at 9, 3 and 4 cells before level of stigma. Apex of Cue reaching 
beyond level of origin of Mz a distance equalling 1.5-2 Mg cells in length. 
Number of cells posterior to Cue, front wing 17 and 18, hind wing 14 
and 15. (Fig. 24.) 
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Fics. 26-30. Mesostigmal¥laminae. 26. Perilestes castor, female, view from 
behind laminae. 27. Same, view from above. 28. P. castor, male, view 
from behind laminae. 29. P. pollux, male, from behind laminae. 30. Same 
from above. 31. P. kahli, male view from behind. 

Fics. 32-35. Prothoraces. 32. Perilestes castor, male. 33. P. castor, female. 
34. P. pollux, male. 35. P. kahli, female. 





Abdomen with segment 1 pale, its apex narrowly ringed with black. 
Segment 2 pale, its apex ringed with black which dorsally extends 
forward over posterior three-fourths of dorsum and half way down on 
sides. Anterior laminae black, posterior pale. Segment 3 with seminal 
vesicle black (erect cylindrical in shape). Color in four rings, basal 
pale, second (longest) black, third pale, apical black. Segments 4-6 
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similar in color, each with five rings, basal black, second pale, third 
black (longest), fourth pale, fifth (apical) black. Segments 7-10 dark 
on sides and above, 7 and 8 with obscure paler areas on base of sides, 
9 and 10 with smaller pale area on apical part of side. Sternum¥of 8 
black with pale apex, of 9 and 10 pale. 





Fic. 36. Perilestes castor, female, abdominal segments 9 and 10 with parts 
expanded by KOH. 
Fic. 37. P. kahli, female, abdominal segments 8-10. 


Appendages (figs. 4-6) creamy yellow with outer edge beyond the 
middle bend and apices dark brown to black. Viewed from above the 
width of the extreme base of the appendage is one-half of the length of 
the broad basal portion. Of the basal portion the outer contour is 





422 Annals Entomological Society of America |Vol. XXX, 


slightly concave, the inner contour slightly more concave, the depth of 
the inner concavity being about one-fifth of the width of the appendage 
at the greatest concavity of the inner contour. The large spine at the 
inner apical angle of the basal portion turns down, entad and caudad 
at an angle of 45°. From above the posterior contour of this spine is 
concave. The apical limb of the appendage has on its inner side a 
shelf-like lobe whose width is greater than one-half the width of the 
appendage at the level of the shelf-like lobe. The appendage terminates 
in a lobe whose tip touches that of its mate and whose width is one- 
seventh of the length of the apical arm. 


The structure of the appendages, the coloration and the 
structure of the anterior hamules of segment 2 relate this species 
closely to the preceding species, castor. In fact the description 
of pollux was completed before the four males of castor were 
recognized as another species because of the similarity of the 
appendages, but they puzzled us because they had ‘‘mature’”’ 
color (black) in the stigmas associated with ‘‘immature”’ body 
color (pale labrum, pale legs and pale thoracic ventor). A 
re-examination of the appendages showed the differences 
between these organs in males of the two species. (Compare 
appendages of male, figs. 1-3, castor, with figs. 4-6, pollux.) 
In the view from above the apical edge of the basal lobe is 
convex in castor, concave in pollux. The width of the middle 
(internal) lobe is one-third of the width of its appendage at 
that level in castor and two-thirds the appendage width in 
pollux. In the same view from above the terminal lobe in 
castor is two-thirds the width of base of the appendage and 
one-third the width of the base in pollux. (Compare figs. 13 
and 14 of the second segment.) The opening between the bases 
of the anterior hamules in castor is four times as long as wide, in 
pollux six and a half times as long as wide. In castor the 
stigmas are black, in pollux red. In castor the metathoracic 
ventor is pale, in pollux it is black. 

Holotype, male, in Williamson Collection, Zoological 
Museum, University of Michigan. Collected by William 
Clarke-Macintyre, March, 1937, on the Rio Jatun Yacu (Rio 
Napo watershed) at an elevation of 700 meters, Prov. Oriente, 
Ecuador. 


Female, unknown. 


Paratypes consist of 8 males similar in coloration to that 
of the holotype male. Length of abdomen varies from 48 mm. 
to 52 mm. Length of hind wing varies from 23.5 mm. to 
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25mm. The collections were in the following months: January, 
February, March, April, September and December. The 
September specimen is teneral. All records are on the Rio 
Anzu and Rio Jatun Yacu, both headwaters of the Rio Napo. 
All are from elevations of 500 meters to about 700 meters. 
Only one specimen was taken on any one day. 


Perilestes kahli Williamson and Williamson 
(Figs. 7-9, 12, 15, 20, 21, 25, 31, 35, 37.) 

Perilestes kahli Williamson, E. B. and J. H. Williamson, 1924. The Genus 
Perilestes (Odonata). Univ. of Mich., Mus. Zool. Misc. Publ. No. 14, 
pp. 24-27, and pl. I, fig. 6. 

This species is represented on our collection by one male 
collected December, 1934, one teneral female, January, 1935, 
and two mature females collected April 3, 1935. All were 
taken by William Clarke-Macintyre on the Rio Jatun Yacu 
at an elevation of about 800 meters. The Jatun Yacu is one 
of the headwaters of the Rio Napo. The teneral female is 
marked, ‘‘Ilupulin Creek,’’ which is a very small stream 
emptying from the south into the Jatun Yacu about one day’s 
journey above the town of Napo on the Rio Napo. 

The male was compared with the type in the Williamson 
Collection. The material agrees with the published description 
of the species. 

Structural Notes.—The mesostigmal lamina of the female 
(fig. 31) appears to be identical in structure with that in the 
male kahli. The penis has the terminal fold narrow and 
attached to the apex of the organ (figs. 20 and 21). The 
prothorax of the male is similar to that of the female (fig. 35) 
except the angles at the outer ends of the nearly horizontal 
keel across its posterior lobe are slightly lower and slightly 
less angulate. The second segment of the abdomen (figs. 12 
and 15) is very different from that segment in either castor or 
pollux. The anterior hamules are shorter, which reduces the 
opening between their bases. The posterior blade of the 
hamule is blue, ringed with black. 
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A MANUAL OF ENTOMOLOGICAL EQUIPMENT AND METHODS, Part 
Two, By ALVAH PETERSON, 1937. 334 pages, 21 plates. Planographed 
by Joun S. Swirt Co., St. Louis, Mo. Price, $4.50. 

Through the co-operation of entomologists currently engaged in various 
phases of research who contributed unpublished items, and from published articles 
in the English language, the author assembled data on the equipment and methods 
found to be practical in collecting, rearing, transporting and otherwise handling 
of insects and other arthropods. In 1934 Part I of this work was presented in 
manual form containing 138 plates of drawings faithfully reproduced by the litho- 
print process. The original printing was soon exhausted and additional copies 
were made in 1936. The second part of this compilation is now available in 
planograph form and is a continuation of and additional information on the subjects 
treated in the first volume. 

Whereas Part 1 consisted largely of illustrations and brief explanations of the 
equipment and methods accredited to their proper sources, Part 2 is chiefly a 
compilation of abstracts taken from literature and also some original short articles. 
In addition there are 21 full-page illustrations of insect cages and other equipment 
presented in similar fashion to but not included in the first volume. If we have 
counted correctly there are 1,129 abstracts in Part 2, of which 46 have not been 
published before. The abstracts and articles are listed alphabetically by authors 
in the running text and the references to the various gadgets are to be found in one 
part of the index. A second part of the index is made up of the scientific and 
common names treated in both parts of the manual. Each abstract begins with a 
statement of the methods or equipment of likely importance and follows with a 
brief discussion of the uses made of them by the investigator. Authors’ names 
appear in black-face type and scientific mames are in italics. The excellent 
arrangement of the format makes the 271 pages of text printed in small type very 
readable. 

To those persons born with the patience of Job and a flare for the organization 
of material are left the relatively thankless jobs of sifting and compiling other 
people’s work. Aside from the personal satisfaction the author may gain from 
knowing that the task has been well done the dividends go to those who use 
the book.—B. J. L. 





STAUROPHLEBIA AUCA, A NEW DRAGONFLY 
FROM ECUADOR 


(Odonata: Aeshnidae) 


CLARENCE HAMILTON KENNEDY, 


Ohio State University, 
Columbus, Ohio 


The species of Staurophlebia discussed in this article is very 
distinct from the two well described species, reticulata Burmeister 
and gigantula Martin and is probably distinct from the two 
species described by Navas, bosqi Navas and platyura Navas. 
It was collected by William Clarke-Macintyre on the Rio 
Jatun Yacu, Prov. Oriente, Ecuador. At first we hesitated to 
describe it because of the incompleteness of the two descriptions 
by Navas. If Father Navas’ types survive the present Spanish 
revolution this species may prove to be a synonym of one or 
both of Navas’ species. On the basis of Navas’ illustrations 
it is new. 

The type is deposited in the Williamson Collection, Zoological 
Museum, University of Michigan. 


Staurophlebia auca, n. sp. 


In life probably a grass-green species with a black line across 
the green face between clypeus and frons, black T-spot on 
frons, brown stigmas and very light colored reddish brown 
appendages in the male. As preserved, face green but otherwise 
largely reddish brown with tinges of grass green on thorax and 
abdomen. Male, length of abdomen 75 mm., including appen- 
dages which are 6 mm. long. Hind wing 63mm. Auca=name 
of a head-hunting tribe of Indians inhabiting the area on the 
western edge of which this specimen was captured: reference 
to the male Staurophlebia’s ability to capture and hold the head 
of the female. (See Walker, 1915.) 


Male, holotype. Labium with mentum yellow, the labial lobes 
green; labrum yellowish green, edged above with black; bases of mandi- 
bles yellow, narrowly but sharply edged with black, above, behind and 
below; clypeus grass green, the lateral lobes of the postclypeus sharply 
but narrowly edged with yellow below; above, the clypeus is separated 
from the vertical surface of the frons by a distinct, arching black line; 
frons green with a black T-spot on its dorsal surface (fig. 3). Because 
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of the arched frontal crest (viewed from above) which bounds the head 
of the T, this spot is anchor-shaped. The base of the T in front of the 
median ocellus widens out to four times the width of the stalk. The 
base of horizontal surface of frons is black cephalad to level of anterior 
surface of the median ocellus, this black extending out and down along 
either orbit to the clypeus. Vertex two-horned, the inner (anterior) 
surfaces of the horns pale brownish gray, otherwise the vertex black. 
Antennae black. Occiput jet black (‘‘ferrugineo”’ in bosqui Navas: 


4 


Fics. 1-4. Stauropile ia auca, n. sp., drawn from holotype male. Fics. 1 and 
2. Abdominal appendages. Fic. 3. Vertex and top of frons. Fic 4. Sexual 
organs on second abdominal segment. 





“flavo”’ in platyura Navas). Rear and ventral surface of head jet black 
except for a small pruinose, butterfly mark of blue behind and below the 
occipital rim. A patch of long pure white hairs between the blue 
butterfly mark and the cervix. 

Prothorax. Anterior lobe with its anterior half pale faun colored, 
which is sharply separated from its black posterior half. Median lobe 
with a small bluish gray spot on either side the median dorsal line 
ectad from each of which is a large triangular (dorsal) black spot, the 
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lower sides of middle lobe brown. Posterior lobe pale (yellowish green ”) 
covered with long yellowish-white hairs. 

Synthorax probably pure yellowish green in life. In the preserved 
specimen largely reddish brown. Tinges of green well preserved on the 
small sclerites about bases of wings where, on those between the wings, 
it is bluer than on those before and below the wings. Upper parts of 
mesothorax yellowish-green, shading below into the brown of preserva- 
tion. Sides and ventral surface of metathorax wholly brown. On 
this ground color a very definite pattern of black, narrow lines and 
minute spots as follows: lower two-fifths of anterior vertical surface of 
anterior alar carina black, this black stripe widest at its outer end, 
narrowing to its juncture with the upper and broad end of a black stripe 
lying along base of the dorsal carina, the latter stripe lying in the 
concavity between base of dorsal carina and front surface of the meso- 
thorax, with its lower (anterior) end one-third as wide as its upper end. 


¢ 
bosqi Navas 


d 





Fic. 5. Navas’ figure 1 of St. bosqi on page 27, No. 3, 
Rev. Soc. Ent. Argentina, April 30, 1927. 


Fic. 6. Navas’ figure 1 of St. platyura on page 91, Tomo III, 
Boll. Soc. Ent. Espana, May-June, 1920. 


Cephalad of transverse keel which crosses the anterior end of the 
middorsal keel the thorax is black to the level of the mesothoracic 
spiracles. Humeral suture with a hair-line of dark brown; posterior 
to its upper end (in the sutural depression) a minute oval black spot just 
above which is a slightly larger cuneate brownish-black spot. On the 
side of the thorax a narrow black line in the sulcus along the dorsal edge 
of metepisternum which line continues cephalad in the sulcus to the 
middle of the dorsal edge of the mesepimeron. A minute oval black 
spot in depression at upper end of second lateral suture, one just before 
the metaspiracle and one above the same spiracle. Mesepimeron and 
metepimeron each with a triangular pruinose black area covering the 
incurving lower end of each. A similar pruinose black spot on the 
ventral tip of the small sclerite which carries the metathoracic spiracle 
on its upper end. A pair of narrowly connected, narrow triangular 
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black spots across middle of metasternum. Stigmas, brown. Legs 
with coxa, trochanter and femur pale brown, a sharply defined black 
spot on under side of trochanter and a black stripe the full length of 
under side of fore femur, outer two-thirds of under side of middle femur 
and outer third of under side of hind femur. Tibiae yellow with a 
black internal stripe. Tarsi black. Leg spines brown. 

Abdomen brown with greenish tinge on sides of segments 2-5 and 
9-10. Seg. 2 with a minute dark brown spot, one-fourth the area 
of the auricle in size, in the lower anterior angle of side. Segs. 2-7 each 
with a hair line of black on extreme apical end. Segs. 4-7 with the 
diagonal lateral sulcus (before mid-length of side) narrowly black. 
Sternites 1 and 9-10 with greenish tinge, all others brown. Appendages 
light reddish brown (almost a rusty orange), edges and crests darker 
brown. 

Structural Characters. These are shown in the figures. We call 
attention to the very long inferior appendage of the male (fig. 1), the 
apex of which reaches the level of the anterior end of the apical crest of 
the superior. The great length of the inferior distinguishes auca from 
reticulata Burm. (Martin, fig. 216) and from gigantula (Martin, fig. 217). 
The apical crest of the superior is higher than in any previously pub- 
lished figure, with its anterior edge vertical and carrying four teeth. 
From its anterior top point the edge (side view) slopes away in a sigmoid 
curve to the tip of the appendage. (Compare these points with crests 
in Navas’ figures of bosgi and platyura.) In bosgi and platyura (my 
figs. 5 and 6) the slopes of the contour of the crests are just reversed 
in side view. In auca (fig. 2) the tips of the superiors are broadly 
pointed; in bosgi they are pointed, but the edge of the inner blade is in 
continuous contour with the inner contour of the point while in auca 
it jogs entad at the juncture of its contour with that of the point. 
In platyura the apex of the superior appendage is broad and truncate. 


In the description of bosgi Navas does not mention a black 
line across the face between clypeus and frons which is one of 
the few distinct color characters of auca. In platyura such a 
line is described as is also described a black line across the base 
of the labrum and a T-spot on the frons. 

The coloration of the face in platyura agrees with that in 
auca as does the long inferior appendage, the great breadth of 
the superior appendages and the type locality of platyura 
which was collected on the Rio Pacaya, Bajo Ucayali, Peru. 
Navas’ figure of the appendages (our fig. 6) is the item which 
disagrees seriously in considering our specimen to be platyura. 
The apices of the appendages in platyura are so different from 
those in auca that the differences between auca and Navas’ 
figure of platyura cannot be reconciled. One other difference 
is in the color of the occipital triangle which is brown in platyura 
but jet black in auca. As auca is the first species in which the 
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occiput has been described as jet black and as Navas has noted 
the color of the occiput in both of his descriptions, and as it is 
a part of the insect sharply defined, easily seen and easily 
described, the probability is that its color in itself separates 
the two species, auca and platyura. The only other possibility 
is that Navas described a very teneral male. As evidence of 
his haste in description, the description of bosqi is of the 
male, the female is not mentioned but the photographic illustra- 
tion of bosqi on Plate III is of a female! 


Venation. Walker’s (1915) study of reticulata shows how unreliable 
venational characters can be when only one specimen is available for 
study. We have found no venational character that sharply separates 
the venation of auca from that of reticulata. We give the data from 
auca for the thirteen items listed (pp. 388-389) in Walker’s (1915) 
study: (1). Number of antecubitals, f. right, 26, f. left, 26; second 
strong antecubital, right, 9, left, 8; h. right, 19, h. left, 17, number 8 
strengthened in both. (2). Number of postcubitals, f. r. and f. 1. 22; 
h. r. 23, h. 1. 26 (the false tip on Sc crosses 3 postcubitals in front wings 
and 2 postcubitals in hind wings). (3). Cubital cross veins, f. r. 8 
and f. l. 7; 6 in both h. r. and h. 1. (4). Number of cross veins in 
triangle, f. r. 6, f. 1. 5, in h. r. and h.1 5 (in all wings the first cell in base 
of triangle is divided into upper and lower cells by a cross vein at right 
angles to base of triangle). (5). Number of cross veins in supra- 
triangle, f. r. 8, f. 1. 7, h. r. 7, h. 1. 6. (6). Number of marginal cells 
between Rs and Mz, f. r. 39, f. 1. 41, h. r. 46, h. 1. 45. (7). Number of 
irregular postcubital cells just beyond nodus (see “‘false tip” of Se under 
No. 2 above) 5 in front wings, 4 in hind wings. (8). Number of cells 
in anal loop, h. r. 13, h. 1. 10. (9). Number of cells covered by ptero- 
stigma, 3 in all wings but not exactly placed over 3 in any case. 
(10). Maximum number of rows of cells between Rs and Rspl. (these 
are diagonal and difficult to count), front wings 15, h. r. 11, h. 1. 12. 
(11). Maximum number of rows of cells between Ms (My?) and Mspl, 
8 in each wing from origin of Mspl to level of dilation between M; 
and M;. (12). Position of origin of My, in relation to first postcubital 
cells. In front wings arises with feeble origin as a branch of Mz under 
outer half of stigma, in hind wings arises with well defined origin as a 
branch of M, under outer half of stigma. (13). Position of fork of Rs 
in relation to first postcubital cells, f. r. under 17, f. 1. under 16, h. r. 17, 
h. 1. 18. 

We add to these characters studied by Walker: in auca, front wings 
there are two rows of cells between M. and Rs in the arch of these veins 
just before level of stigma. These rows are 8 cells long. In the hind 
wings a few double cells occur. Bridge crossveins in front wings 6, 
in hind wings 5. 


Described from single male holotype from a Quebrada on 
the Sapallo Yacu, a small branch of the Rio Jatun Yacu, 
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Prov. Oriente, Ecuador, March, 1937. Elevation about 800 
meters. 
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BOOK NOTICE 


LITTLE BLACK ANT, by Atice GALL and FLEMING CREw, pp. 1-128, 50 illustra- 
tions by HELEN TorREY. 1936. Published by Oxrorp UNIVERSITY PREss, 
New York City. Price, $1.50. 

This is one of the better of children’s volumes in the field of nature tales. 
Our children have enjoyed it. We have enjoyed it ourselves. We believe that 
our own children have avoided getting from the volume the idea that animals in 
nature communicate with each other in the English language. For the reason 
that some liberties are taken with the behavior of ants, particularly with the 
behavior of communication, we suggest to experimental zoologists and other 
very earnest searchers for the exact truth that it would be wise to deprive their 
children of the pleasure of reading this interesting tale of the life of ‘‘Little Black 
Ant.’’ She has been written about in a delightful vein, but before her behavior 
has been analyzed under controlled conditions. 

We are at some loss in our attempt to write a review of this volume as it has no 
introduction. We always feel more at ease with an author’s new book if we can 
find in it (usually in the introduction) a statement by the author of what he wishes 
the public to think he has accomplished in writing the particular book. We have 
a feeling that even good books for good children rate some kind of introductory 
statement. In travelling with the author as a guide in his land of the intellect, 
and we are such travellers when reading, we should begin our intellectual journey 
as we begin a mundane journey from some sort of station, pier or landing field, or 
even the family garage. An introduction is such a starting point. We recognize, 
of course, that the world has hobo readers that hop an intellectual train between 
stations and is also full of the noisy merry-go-rounds of the pulp press that merely 
shake the reader emotionally while carrying him in intellectual circles. 

The authors have made a real effort to give children a tale fully as interesting 
as the adventures of ‘‘Little Black Sambo”’ and such fictions, but a tale that 
adheres closely to ant biology. However, they have made the one compromise of 
using insects that speak in the English language. Eventually by trial and error 
all types of approach to the young mind will have been tried and the successful 
types of approach will survive. We feel that the approach used in this book has a 
high survival value. 

In a series of fifteen short chapters the reader is given a very satisfying, if 
anthropomorphic, view of the various activities of a worker ant and through her 
contacts glimpses of the activities of other castes and other insects. 

The volume is interesting and within the limitations of its method of presenta- 
tion is scientifi¢ally good. We have a conviction that children are taught how to 
think and that a child can be taught sound methods of thinking from the beginning. 
Why should he spend his first years in an anthropomorphic and teleological inter- 
pretation of the facts of life about him to have to tear this structure down later 
and on the wreckage construct a rational philosophy? Why try to explain the 
mysteries of life to a child when such are as yet unexplained and it has to be done 
in some oblique manner? Why not wait and let the physiologists and especially 
the students of animal behavior have the last word? It is not a masculine attitude 
to take but all social evolution tends toward feminine behavior. 

We have wandered far enough. It is an interesting book and we recommend 
it to all omnivorous readers and particularly to their children.—C. H. K. 
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